PCT 



WORLD IKTE1XECTUAL PROPERTY ORGANIZATION 
International Bureau 



Doc Ref. FP7 
Appl. No. 10/551,209 



JNTfeRNATIONAL APFjLlCATiON PUBLISHED .UNDER THE PATEN T COOPERATION TREATY (PCI) 
(51) Ioteniatfcmd Patent <3assf>cao<>n * : -™ - — 



A6IK39/00, COTK7/06, 7/08 



Al 



■(H) International Publication Number: WO 94/03205 I 

(43) Iaternational PaWfcation Dale: 17 February 1994 (17.0234) I 



(21) iDternational Application Number: PCT/US93/0742I 

(22) International Filing Date: 6 August 1993 (06.08.93) 



(30) Priority data: 
07/926,666 
08/027,746 



7 August 1992 (07.08.92) US 
5 March 1993 (05.03.93) US 



(71) Applicant: CYTEL CORPORATION [US/US]; 3525 John 
Hopkins Court, San Diego, CA 92121 (US). 

I (72) Inventors: KUBO, Ralph, T. ; 12635 Futura Street, San 
Diego, CA 92130 (US). GREY, Howard, M. : 9066 La 
JoIJa Street, La Jolla, CA 92037 (US). SETTE, Alessan- 
dro ; 5551 Linda Rosa Avenue, La Jolla, CA 92037 (US). 
CEUS,^eban ; 13644 Landfair Road, San Diego, CA 



I (54) Title: HLA BINDING PEPTIDES AND THEIR USES 



(74) Agents: BASTIAN, Kevin, L el al.; Townsend and Towi. 
send Khourie and Crew, Steuart Street Tower, 20th 
™» r » One Market Plaza, San Francisco, CA 94105 
(US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA CH 

so' s^k N0 ' Nz > PL * ™- 



Published 

With international search report. 



(57) Abstract 



I cell activation 
gen 



BEST AVAILABLE COPY 



FOR THE PURPOSES OP INFORMATION ONLY 
applkaS^u^ toTCT? ^ ^ " °» of pamphlets publishing International 



Austria 
Australia 



AT 
AU 



BF Burkina Faso 
BC Bulgaria 
BJ Benin 



BY Belarus 

CA Canada 

CP Central African 

CG Congo 

CB Switzerland 

Q C&ed'lvolre 

CM Cameroon 

CN China 

C5 Czechoslovakia 

CZ Oecfc Republic 
OB 
DK 



FB France 

CA Gabon 

CB United Hapten 

CN Guinea 

GB Greece 

HU Hungary 

IE Ireland 

IT Italy 

IP Japan 

KP DoDocratic People 4 ! Republic 

of Korea 

KB Bepubfic of Korea 

KZ Kazakhstan 

U Liechtenstein 

U£ Sri Lanka 

LU Uutembour* 

LV Latvia 
MC 
MC 



NE 
NL 
NO 
HZ 
PL 

rr 

BO 

BU 



SJ 
SK 
SN 
TD 
TC 
UA 



VN 



Mauritania 

Malawi 

Niger 

Netherlands 
Norway 
New Zealand 
Poland 
Portugal 



Sweden 

Slovenia 

Slovak Republic 

Senegal . 

Chad 

Togo 

Ukraine 

United States of America 



MA BINDING PKPTIDES ANn TfreTR n ? B Q 
The present application is a continuation in part of 
USSN 08/027,746 which is a continuation in part of USSN 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers, m 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either Class I or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. Class II mhc molecules are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen-bearing cells. CTLs are particularly 
important in tumor rejection and in fighting viral infections. 
The CTL recognizes the antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the 
intact foreign antigen itself ; The antigen must normally be 
endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 
the cytoplasm. Some of these small peptides translocate into 
a pre-Golgi compartment arid interact with class I heavy chains 
to facilitate proper folding and association with the subunit 
B2 microglobulin. The peptide-MHC class I complex is then 
routed to the cell surface for expression and potential 
recognition by specific CTLs. 



Investigations of the crystal structure of the human 
MHC class I molecule, HIA-A2..1, indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al.. Nature 
329:506 ( 1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al., Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al., Nature 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzky, et 
al., Nqtare 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al., science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by R5tzschke and Falk (Rdtzschke 
and Falk, Immunol. Today 12:447 (1991). 

Sette et al., Proc. Natl. Acad. Sci. nsft 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natl, 
ftcflflt ?<?tt ?SA 86:4649 (1989) showed that MHC binding was 
related to immunogenicity. Several authors (De Bruijn et al., 
EmTt Jf Immunol. , 21:2963-2970 (1991); Pamer et al., 991 
Hamate 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motif s can be applied to the 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles Should be high enough to cover a large fraction or 
perhaps the majority of tfie human outbred population. 

Despite the developments in the art, the prior art 
has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 



SUMMARY OF THE INVENTION 
The present invention provides compositions 
comprising immunogenic peptides having binding motifs for MHC 
Class I molecules. The immunogenic peptides are typically 
between about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele. A number of allele specific motifs 
have been identified. 

For instance, the motif for HLA-A3.2 comprises from 
the N-terminus to C-terminus a first conserved residue of L, 
M, I, v, s. A, T and F at position 2 and a second conserved 
residue of K, R or Y at the c-terminal end. other first 
conserved residues are C, G or D and alternatively E. other 
second conserved residues are H or F. The first and second 
conserved residues are preferably separated by 6 to 7 
residues. 

The motif for HLA-A1 comprises from the N-terminus 
to the c-terminus a first conserved residue of t, s or M, a 
second conserved residue of D or E, and a third conserved 
residue of Y. other second conserved residues are A, s or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved 
residue of 5 or D and a second conserved residue of Y where 
the first and second conserved residues are separated by 5 to 

6 residues. . 

The motif for HLA-Aii comprises from the N-terminus 
to the C-terminus a first conserved residue of t or V at 
position 2 and a C-terminal conserved residue of x. The first 
and second conserved residues are preferably separated by 6 or 

7 residues. 

The motif for HLA-A24.1 comprises from the N- 
terminus to the C-terminus a first conserved residue of Y, f 
or W at position 2 and a C terminal conserved residue of F, I, 
W, Mori. The first and second conserved residues are ' 
preferably separated by 6 to 7 residues. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 



antigens include prostate specific antigen (PSA), hepatitis B 
core and surf ace antigens (HBVc, HBVs) hepatitis C antigens, 
malignant melanoma antigen (MAGE-l) Epstein-Barr virus 
antigens, human immunodeficiency type-l virus (HIV1) and 
papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

The term "peptide" is used interchangeably with 
"oligopeptide- in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-specif ic motif such that the peptide will 
bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class 1 MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

A "conserved residue" is an amino acid which occurs 
in a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 
molecule, one to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specific" pockets of the groove itself. 
Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 



in a peptide being a nonbinder or poor binder and in turn fail 
to induce a CTi. response despite the presence of the 
appropriate conserved residues within the peptide. 

The tern "motif " refers to the pattern of residues 
in a peptide of defined length, usually about 8 to about 11 
amino acids, which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptide and there are no negative binding residues present. 

The phrases "isolated" or "biologically pure" refer 
to material which is substantially or essentially free from 
components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even where 
a protein has been isolated to a homogenous or dominant band, 
there are trace contaminants in the range of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue" refers to an amino acid or amino 
acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a flow diagram of an HLA-A purification 

scheme. 

Fig. 2 is an SDS-PAGE analysis of affinity purified. 
HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 

Lane 1 - Molecular weight standards. 

Lane 2 - A3 .2 acid eluate 

Lane 3 - A3. 2 a second acid eluate 

Lane 4 - Base elution /I 

Lane 5 - Base elution #2 

Lane 6 * Concentrated base elution 1 

Lane 7 - Concentrated base elution 2 

Lane 8 - BSA - 10 fig 

Lane 9 - BSA - 3 /ig 

Lane 10 - BSA - 1 pg 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
peptides. 

Fig. 4 shows binding of a radioactively labeled 
peptide of the invention to MHC molecules as measured by the % 
bound radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of fi 2 microglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide.. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent Kp of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
peptide of the invention to MHC Al as measured by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 



Fig* 11 Scatcbard Analysis of binding to MHC Al 
confirming an apparent Kj, of 2lnM. 

Fig. 12 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as measured 
by % bound reactivity. 

Fig. 13 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides. 

Figs. 14(a) and 14(b) show the Scatcbard Analysis of 
binding to MHC A24 of the two peptides confirming a K D of 30 
and 60nM, respectively. 

Fig. 15 shows the effect on MHC class 1 molecules of 
^microglobulin and a peptide of choice on acid-stripped PHA 
blasts. 

Fig. 16 shows CTL induction using GC43 A2.1 
responders and autologous acid-stripped PBMCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2.1 
responders and autologous acid stripped PBMCs or PHA blasts as 
stimulators after loading with the 1044.04-1044.05-1044.06 
peptide pool. 

Fig. 18 shows CTL induction using GC49 A2.1 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

Fig. 19 shows CTL induction using GC66 Al responders 
and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

Fig. 20 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MAGE 3 peptide. 

Fig. 21 shows a comparison of the acid strip loading 
with the cold temperature incubation. 

Fig. 22 shows a CTL response to an immunogenic 
peptide for MAGE/ All. 

Fig. 23 shows a^CTL response to an immunogenic 
peptide for HIV/A3. 

Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. 
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Fig. 25 shows a CTL response to an immunogenic 
peptide for HBV/A1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determination 
of allele-specif ic peptide motifs for human Class I MHC 
(sometimes referred to as HIA) allele subtypes. These motifs 
are then used to define T celi epitopes from any desired 
antigen, particularly those associated with human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-1), 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary in vitro or in 
Yim CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA-A and*B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 



The peptide binding motif s of the invention are relatively 
specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by ax 
MHC I molecule having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
population. Table 1 shows the frequency of various alleles at 
the HEA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes, 
specifically HLA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HIA-A11.2. 
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TABLE 1 



10 



15 



20 



25 



30 



35 



40 



45 



Al 
A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A3 0.2 
A30.3 
A31 
A32 
AW33.1 
AV33.2 
AV34.1 
AV34.2 
AW36 



M|«S9>* 




10.1(7) 


1.8(1) 


11.5(8) 


37.0(20) 


10.1(7) 


0 


1.4(1) 


5.5(3) 


1.4(1) 


0 


5.7(4) 


5.5(3) 


0 


5.5(3) 


5.7(4) 


31.4(17) 


0 


3.7(2) 


4.3(3) 




2.9(2) 


27.7(15) 


— 

1.4(1) 




4.3(3) 


9*2(5) 


7.2(5) 






3.7(2) 


10.1(7) 




1.4(1) 




1.4(1) 




10.1(7) 


1.8(1) 


8.6(6) 




1.4(1) 




7.2(5) 




4.3(3) 


7.4(4) 


2.8(2) 




8.6(6) 




2.8(2) 


16.6(9) 


1.4(1) 




14.5(10) 




5.9(4) 





££5221 

27.4(138) 
39.8(199) 

3.3(17) 

0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9<35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



50 



t 2Si e COttP Hv?,*? m J i * ™* ont > Innobiolnay- n * m Vol. 
iBtoco "* a tibilxty Testing 1987, Springer-Verlag, New fork 

* N - negroid; A = Asian; c - caacasoid. Numbers in 
the P analysis iS represent the number of individuals included in 

The nomenclature used to. describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the~ N-terminus) and the carboxyl group 
to the right (the C-terminus) of each amino acid residue, in 
the formulae representing selected specific embodiments of the 
present invention, the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form they would 
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assume at physiologic pH values, unless otherwise specified. 
In the aaino acid structure formulae, each residue is 
generally represented by standard three letter or single 
letter designations. The L-form of an amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form for those 
amino acids is represented by a lower case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as "Gly" or G. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., Nature 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
chromatography, and a combination of all of the above 
techniques. 

A large number of cells with defined MHC molecules, 
particularly MHC Class I molecules, are known and readily 
available. For example, human EBV- transformed B cell lines 
have been shown to be excellent sources for the preparative 
isolation of class 1 and class II MHC molecules. 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type Culture Collection 
("Catalogue of Cell Lines and Hybridomas," 6th edition (1988) 
Rockville, Maryland, U.S.A.); National Institute of General 
Medical Sciences 1990/1991 Catalog of cell Lines (NIGMS) Human 
Genetic Mutant Cell Repository, Camden, NJ; and ASHI 
Repository, Bingham and Women's Hospital, 75 Francis Street, 
Boston, MA 02115. Table 2 lists some B cell lines suitable' 
for use as sources for HIA-A alleles. All of these cell lines 
can be grown in large batches and are therefore useful for 
large scale production of MHC molecules. One of skill will 
recognize that these are merely exemplary cell lines and that 
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many other cell sources can be employed. Similar EBV B ceil 
lines homozygous for HLA-B and HIA-C could serve as sources 
for HLA-B and HLA-C alleles, respectively.. 



13 
TABLE 2 

HUMAN CELL LINES (HLA-A SOURCES) 



10 



30 



35 



40 



50 



HLA-A allele B cell line 

A1 - MAT 

COX (9022) 

STEHILIM 

(9087) 



15 A2.1 



20 A3. 2 



25 A24.1 



JY 



All 



EHM (9080) 

H0301 (9055)GM3107 



KT3(9107),TISI (9042) 



BVR (GM6828A) 
WT100 (GM8602),WT52 
(GH8603) 



In the typical case, inrmunoprecipitation is used to 
isolate the desired allele. A number of protocols can be 
used, depending upon the specificity of the antibodies used. 
For example, allele-specific mAb reagents can be used for the 
affinity purification of the HLA-A, HLA-B, and HLA-c 
molecules. Several mAb reagents for the isolation of HLA-A 
molecules are available (Table 3) . Thus, for each of the 
targeted HLA-A alleles, reagents are available that may be 
45 used for the direct isolation of the HLA-A molecules. 

Affinity columns prepared with these mAbs using standard 
techniques are successfully used to purify the respective 
HLA-A allele products. 

In addition to allele-specific mAbs, broadly 
reactive anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
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one anti-HIA-B, C nAb r Bl.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

TABLE 3 
ANTIBODY REAGENTS 



anti-HLA" 



Name 



HLA-A1 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

monomorphic 
HLA-B,C 

monomorphic 



12/18 

GAPA3 (ATCC, HB1B2) 

A11.1M (ATCC, HB164) 
W6/32 (ATCC, HB95) 

B9.12.1 (INSEKM-CNRS) 
B. 1.23.2 (INSERM-CNRS) 



The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size chromatography, precipitation with 
specific antibodies, iori exchange chromatography, 
isoelectrofocusing, and the like. 
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Sequencing of the isolated peptides can be performed 
according to standard techniques such as Edman degradation 
(Hunkapiller, M.W., et eg,, Methods Rnzvmol. gl, 399 [1983]) . 
Other methods suitable for sequencing include mass 
5 spectrometry sequencing of individual peptides as previously 
described (Bunt, et al., Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. . pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 

10 sequence motif for each class I allele. 

Definition of motifs specific for different class 1 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 

15 epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecular binding 

20 assay as described in Example 10, below. Other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et al., J. Immunol. 141:3893 (1991), in 
Vitro, assembly assays (Townsend, et al., Cell 62:285 (1990), 
and PACS based assays using mutated ells, such as RMA.S 

25 (Melief, et al., Eur. J. Tummnol. 21:2963 [1991]). 

Next, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro. For instance, 
antigen-presenting cells that have been incubated with a 

30 peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J. Exp. Med. 166:1B2 (1987); 
Boog, Eur. J. Immunol,. 18:219 [1988]). 

35 Alternatively, mutant mammalian cell lines that are 

deficient in their ability to load class i molecules with 
internally processed peptides, such as the mouse cell lines 
RMA-S (KSrre, et al.. Nature. 319:675 (1986); Ljunggren, et 
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al». £uri> J> Tmrnunrti,- 21:2963-2970 (1991)) , and the human 
somatic T ciall hybridoma, T-2 (Cerundolo, et al M Nature 
345:449-452 (1990)) and which have been transf ected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in vitro primary CTL responses. Other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 
armyworm (ATCC CRL 1711) , moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J. 
Brobrvol. Exp. Morehol- 27:353-365 [1927]). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human B 2 microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors, in one embodiment, the appropriate 
antigen-presenting cells are incubated with 10-100 jiM of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide- loaded antigen-presenting 
cells are then incubated with the responder cell populations 
i ll YitrQ for 7 to 10 days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or isolated 
from natural sources such as whole viruses or tumors. 
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Although the peptide will preferably he substantially free of 
other naturally occurring host cell proteins and fragments 
thereof, in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. The polypeptides 
or peptides can be a variety of lengths, either in their 
neutral (uncharged) forms or in forms which are salts, and 
either free of modifications such as glycosylating side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 
not destroy the biological activity of the polypeptides as 
herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 
desirable to optimize peptides of the invention to a length of 
9 or 10 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are bound to MHC class I molecules on the cell surface. 

Peptides having the desired activity may be modified 
as necessary to provide certain desired attributes, e.g., 
improved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biological 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 
the peptides may be subject to various changes, such as 
substitutions, either conservative or non-conservative, where 
such changes might provide for certain advantages in their 
use, such as improved MHC binding. By conservative 
substitutions is meant replacing an amino acid residue with 
another which is biologically and/or chemically similar, e.g., 
one hydrophobic residue for another, or one polar residue for' 
another. The substitutions include combinations such as Gly, 
Ala; Val, lie. Leu, Met; Asp, Glu; Asn, Gin; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 
substitutions may also be probed using D— amino acids, such 
modifications may be made using well known peptide synthesis 
procedures, as described in e.g., Merrifield, Science 232:341- 
347 (1986) , Barany and Merrifield, The Peptide, Gross and 
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Meienhofer, eds. (N.Y. , Academic Press) , pp. 1-284 (1979); and 
Stewart and Young, Solid Phase pepfcta* .^y.^, (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

The peptides can also be modif ied by extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 
such as L-e-amino acids, or their D-isomers, but may include 
non-natural amino acids as well, such as B-7-i-amino acids, as 
well as many derivatives of L-o-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors. In addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro, or 
similar residues may be employed. The substitutions may be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to "the affinity of the parent peptide. 
In any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding. 



Amino acid substitutions aret typically of single 
residues, substitutions, deletions, insertions or any 
combination thereof may be combined to arrive at a final 
peptide. Substitutional variants are those in which at least 
one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
are made in accordance with the following Table 4 when it is 
desired to finely nodulate the characteristics of the peptide. 



TABLE 4 

Original Fesfrfog Exfempiayv aajj^ted aa 



Ala 


ser 


Arg 


lys 


Asn 


gin; his 


Asp 


glu 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn; gin 


He 


leu; val 


Leu 


ile; val 


Lys 


arg 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 
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Substantial changes in function (e.g., affinity for 
HBC molecules or T cell receptors) are Bade by selecting 
substitutions that are less conservative than those in Table 
4, i.e., selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysyl, 
arginyl, or histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g. , 
glycine. 

The peptides may also comprise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 
specific for the second sequence. The term specifically 
includes peptide backbone modifications well known to those 
skilled in the art. such modifications include modifications 
of the amide nitrogen, the a-carbon, amide carbonyl, complete 
replacement of the amide bond, extensions, deletions or 
backbone crosslinks. generally, Spatola, Chemistry a n fl 

P i pcfremistrY St Amino Acids, peptides and Proteins , Vol. VII 
(Weinstein ed., 1983). 

Modifications of peptides with various amine acid 
mimetics or unnatural amino acids are particularly useful in 
increasing the stability of the peptide in vivo . Stability 
can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human plasma and serum, 
have been used to test stability. Seg, e.g. . Verhoef et ai., 
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Sur, J. Drug Hetab PharroacolciT^ 11:291-302 (1986>. Half Iffe 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. Thfc cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typicaliy comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala,' Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 



23 



In some embodiments it may be desirable to include in 
the pharmaceutical compositions of the invention at least one 
component which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL jjj 
yiYS against viral antigens. For example, palmitic acid 
residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar form, incorporated 
into a liposome or emulsified in an adjuvant, e.g., incomplete 
Freund's adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 
linkage, e.g., Ser-Ser, to the amino terminus of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
Et gall lipoproteins, such as 

tripalmitoyl-S-glycerylcysteinlyseryl-serine (P 3 CSS) can be 
used to prime virus specific CTL when covalently attached to 
an appropriate peptide. See, Deres et ml. , Nature 342:561-564 
(1989) , incorporated herein by reference. Peptides of the 
invention can be coupled to P 3 CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P 3 CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell-mediated responses to 
infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, or the like. Amino 
acids such as tyrosine, cysteine, lysine, glutamic or aspartic 
acid, or the like, can be introduced at the C- or H-terminus 
of the peptide or oligopeptide. Modification at the C 
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terminus in some cases may alter binding characteristics of 
toe peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal-NH 2 acylation, e.g., by alkanoyl (C x -c 20 ) 
or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phase Peptide syn+llfftl^, 2d. ed.,' 
Pierce Chemical Co. (1984), supra . 

Alternatively, recombinant DNA technology nay be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally, in Sambrook et al., Molecular ci onina. a tebgaat arv. 
Manual, Cold Spring Harbor Press, cold Spring Harbor, New York 
(1982) , which is incorporated herein by reference. Thus, 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Matteucci et al., 
J. ftffit Chen, Soc, 103:3185 (1981), modification can be made ' 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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host systems are now available, fror expression of the fusion 
proteins, the coding sequence will be provided with operably 
linked start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host* For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences. 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/or prevent viral infection and cancer. Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 
lymphoma, cmv and condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the. acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments, as 
appropriate. In therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/or 
complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
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administration) from about 1.0 to about 5000 jig of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about l.o ng to about looo ?g of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient* s response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states; that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign' of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. • For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 
administration to a larger population. . 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-Infected cells in carriers, it is 
important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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the range of about 1.0. pq to about 5000 jig, preferably about 5 
M9 to iooo /»g for a 70 kg patient per dose. Immunizing doses 
followed by boosting doses at established intervals, e.g., 
from one to four weeks, nay be required, possibly for a 
prolonged period of tine to effectively immunize an 
individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

The pharmaceutical compositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramuscularly. Thus, the 
invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.9% saline, 0.3% glycine, 
hyaluronic acid and the like. These compositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use. as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
prior to administration. The. compositions may contain 
pharmaceutically acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of CTL stimulatory peptides of the 
invention in the pharmaceutical formulations can' vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
2% to as much as 20% to 50% or . more by weight, and will be 
selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration 
selected. 
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The peptides of the invention may also be 
administered via liposomes, which serve to target the peptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like. In 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of , 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g. , 
Szoka et al., Ann. Rev. Bionhvs- Bin^. 9:467 (1980), U.S. 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
inter, alia,, the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 



sucrose, magnesium carbonate, and the like. For oral 
administration, a pharmaceutical!/ acceptable nontoxic 
composition is formed by incorporating any of the normally 
_ employed excipients, such as those carriers previously listed 
and generally 10-95%. of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. , 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01%-20% by weight, preferably l%-io%. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and oleic acids with an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be employed 
The surf actant may constitute 0.l%-20% by weight of the 
conposition, preferably 0.25-5%. The balance of the 
composition is ordinarily propellant. A carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed 
to vaccines which contain as an active ingredient an 
i»aunogenically effective amount of an immunogenic peptide as 
described herein. The peptide (s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the polymer 
the additional ability to induce antibodies and/or CTLs that ' 
react with different antigenic determinants of the virus or 
tumor cells. Useful carriers are well known in the art and 
include, e.g., thyroglobulin, albumins such as bovine serum 
albumin, tetanus toxoid, polyamino adds such as 
poly(lysine:glutamic acid), hepatitis B virus core protein, 
hepatitis B virus recombinant vaccine and the like. The 
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vaccines can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials- veil 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P 3 CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities. Such an amount is 
defined to be an "immunogenically effective dose." m this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about i.o 
jig to about 5000 /»g per 70 kilogram patient, more commonly 
from about 10 /tg to about 500 /ig mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 
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useful in immunization protocols are described in, e.g. ,U.S. 
Patent No. 4,722,848, incorporated herein by reference. 
Another vector is BCG (Bacille Calmette Guerin) . BCG vectors 
are described in Stover et al. f Nature 351:456-460 <1991)) 
5 which is incorporated herein by reference. A wide variety of 
other vectors useful for therapeutic administration or 
immunization of the peptides of the invention, e.g., 
Salmonella typhi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo r 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. Ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient ■ s CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks) , in which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell). In order to optimize the 
in vitro conditions for the generation of specific cytotoxic T 
cells, the culture of stimulator cells is maintained in an 
appropriate serum-free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8+ cells, an amount 
of antigenic peptide is added to the stimulator cell culture, 
of sufficient quantity to become loaded onto the human Class I 
molecules to be expressed on the surface of the stimulator 
cells. In the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class riffle molecules loaded. with peptide 
to be expressed on the surface of each stimulator cell. 
Preferably, the stimulator cells are incubated with >20/tg/ml 
peptide. 
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Resting or precursor CD8+ cells ^are then incubated in 
culture with the appropriate stimulator cells for a tine 
period sufficient to activate the CD8+ cells* Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
may further depend upon variables such as the amenability pf 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL, 
particularly in primary immune responses. While small amounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, pr to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(pCTL) during primary response requires a significantly higher 
number of MHC/peptide complexes. Peptide loading of empty 
major histocompatability complex molecules on cells allows the 
induction of primary cytotoxic T lymphocyte responses. Peptide 
loading of empty major histocompatability complex molecules on 
cells enables the induction of primary cytotoxic T lymphocyte 
responses. 

Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a technique to remove 
endogenous MHC-associated peptides from the surface of APC, 
followed by loading the resulting empty MHC molecules with the 
immunogenic peptides of interest. The use of non-transformed 
( non-tumor igenic) , non-infected cells, and preferably, 
autologous cells of patients as APC is desirable for the 
design of CTL induction protocols directed towards development 
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o* ear vivo CTL therapies This application discloses methods 
for stripping the endogenous MHC-associated peptides from the 
surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule is a trimeric complex 
formed of the following elements: l) a peptide usually of 8 - 
10 residues, 2) a transmembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its al and 02 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, ^microglobulin. Removing the bound peptides 
and/or dissociating the 02»icr°globulin from the complex 
renders the MHC class I molecules nonfunctional and unstable, 
resulting in rapid degradation. All MHC class 1 molecules 
isolated from PBMCs have endogenous peptides bound to them. 
Therefore, the first step is to remove all endogenous peptides 
bound to MHC class I molecules on the APC without causing 
their degradation before exogenous peptides can be added to 
them. 

Two possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 
37»C to 26-c overnight to destablize tfamicroglobulin and 
stripping the endogenous peptides from the cell using a mild 
acid treatement. The methods release previously bound 
peptides into the extracellular environment allowing new 
exogenous peptides to bind to the empty class I molecules. 
The cold-temperature incubation method enables exogenous 
peptides to bind efficiently to the MHC complex, but requires 
an overnight incubation at 26»C which may slow the cell's 
metabolic rate, it is also likely that cells not actively 
synthesizing MHC molecules (e.g., resting PBMC) would not 
produce high amounts of empty surface MHC molecules by the 
cold temperature procedure. 

Harsh acid stripping involves extraction of the 
peptides with trifluoroacetic acid, pH 2, or acid denaturation 
of the immunoaffinity purified class I-peptide complexes. 
These methods are not feasible for CTL induction, since it is 
important to remove the endogenous peptides while preserving 
APC viability and an optimal metabolic state which is critical 
for antigen presentation. Mild acid solutions of p H 3 such as 
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or citrate-phosphate buffers have been used to 
identity endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released), while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4»c and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specif ic APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator Cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g. , via well-known immunoprecipitation or immunoassay 
methods. 

Effective, cytotoxic amounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
of these killer cells. The amount will also vary depending on 
the condition of the patient and should be determined via 
consideration of all appropriate factors, by the practitioner. 
Preferably, however, about 1 X 10* to about 1 x lo", more 
preferably about 1 X 10 8 to about 1 x lo", and even more 
preferably, about 1 x 10 9 to about 1 X 10 10 activated CD8+ 
cells are utilized for adult humans, compared to about 5 X lo 6 
- 5 X 10 7 cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture prior to 
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administration of the CD8+ cells to iaie individual being 
treated. It is important to. note, however, that unlike other 
present and proposed treatment modalities, the present method 
uses a cell culture system that is not tumorlgenic. 
Therefore, if complete separation of stimulator cells and 
activated CD8+ cells is not achieved, there is no inherent 
danger known to be associated with the administration of a 
email number of Stimulator cells, whereas administration of 
mammalian tumor-promoting cells may be extremely hazardous. 

Methods of re-introducing cellular components are 
known in the art and include procedures such as those 
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and 
U.S. Patent No. 4,690,915 to Rosenberg. For example, 
administration of activated CD8+ cells via intravenous 
15 infusion is appropriate. 

The immunogenic peptides of this invention may also 
be used to make monoclonal antibodies. Such antibodies may be 
useful as potential diagnostic or therapeutic agents. 

The peptides may also find use as diagnostic 
20 reagents. For example, a peptide of the invention may be used 
to determine the susceptibility of a particular individual to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
25 affected individual. In addition, the peptides may also be 
used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are offered by way of 
illustration, hot by way of limitation. 
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Example \ 
Class I antigen Jb^i-^ 
A flow diagram of an HLA-A antigen purification 
scheme is presented in FigWe 1. Briefly, the cells bearing 
the appropriate allele were grown in large batches (6-8 liters 
yielding "5 x 10 9 cells), harvested by centrifugation and 
washed. All cell lines were maintained in RPMI 1640 media 
(Sigma) supplemented with 10% fetal bovine serum (FBS) and 
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antibiotics. For large-scale cultures, cells were grown in 
roller bottle culture in RFMI 1640 with 10% FBS or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRU5000 centrifuge with 259 
5 rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M P0 4 , 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 *C or treated 
with detergent lysing solution to prepare detergent ly sates. 
Cell lysates were prepared by the addition of stock detergent 
10 solution (1% NP-40 (Sigma) or Renex 30 (Accurate Cheat. Sci. 
Corp., westbury, NY 11590), 150 mM NaCl, 50 mM Tris, pH 8.0) 
to the cell pellets (previously counted) at a ratio of 50-100 
x 10 s cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
15 detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulfonyl fluoride (pmsf) , 2 mM; aprbtinin, 5 
M9/B1; leupeptin, 10 ftg/ml; pepstatin, 10 
20 iodoacetamide, 100 jiM; and EDTA, 3 ng/ml. Cell lysis was 
allowed to proceed at 4*C for 1 hour with periodic mixing. 
Routinely 5-10 x io» cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4 *c and 
25 subsequent passage of the supernatant fraction through a 0.2 fi 
filter unit (Nalgene). 

The HLA-A antigen purification was achieved using 
affinity columns prepared with mAb-conjugated Sepharose beads. 
Por antibody production, cells were grown in RPJH with 10* FBS 
30 in large tissue culture flasks (Corning 25160-225) . 

Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on pr6tein-A-Sepharose (Sigma) . Briefly, 
saturated ammonium sulfate" was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
overnight at 4*C to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 x g for 30 minutes. The precipitate was then dissolved 
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in a minimum volume of PBS and transferred to dialysis tubing 
(Spectro/Por 2, Hoi. wt. cutoff 12,000-14, 006, Spectum Medical 
Ind.). Dialysis was against PBS (£20 times the protein 
solution volume) with 4-6 changes of dialysis buffer over a 
24-48 hour period at 4*C. The dialyzed protein solution was 
clarified by centrifugatlon (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN HaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared. A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<ioo ml) . The 
column was washed with several, volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with IN 
NaOH) . For mouse Igc-i pH 6.5 was used for lgG2a pH 4.5 was 
used and for IgG2b and lgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicon Model 8050 with VM30 membrane) . The anti-A2 mAb, 
BB7.2, and the anti-A3 mAb, GAPA3, are particularly useful for 
affinity purification. 

The HLA-A antigen was purified using affinity columns 
prepared with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 
BAb bound beads were washed with borate buffer (borate buffer- 
100 mM sodium tetraborate, 154 mM MaCl, pH 8.2) until the 
washes show A280 at based line. Dimethyl pimelimidate (20 mM) 
in 200 mM triethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al ^ 
Biol, chem,. 257:10766 (1982). After incubation for 45 minutes 
at room temperature on a rotator, the excess crosslinking 
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reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each, wash the slurry 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10 9 cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus 0.1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M MaCl, 20 mM 
Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay, Pierce) or by SDS- 
PAGE, or both. SDS-PA6B analysis was performed as described 
by Laemmli (Laemmli, U.K., fialaJES 227:680 (1970) ) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MBC molecule. In the case of HLA-A2 and HLA-A3 mAbs 
BB7.2 and GAPA3 were used respectively. An example of SDS 
PAGB analysis of purified HLA-A3.2 molecules is shown in 
Figure 2. 

Pigure 2 shows SDS-PAGB (12.5%) analysis of affinity 
purified HLA-A3.2 from the cell line EHM. An affinity column 
(10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3. A 
detergent lysate of 5x10* cells was passaged over the column 
and the column was washed extensively. The bound HLA-A3.2 
molecules were eluted from the column with 0.15M acetic acid, 
50 ml. One ml of the eluate was removed and lyophilized to 
concentrate the sample. The sample was taken up to 50 ^1 with 
Leammli sample buffer and 20 M l were loaded in lane 2. Lane 1 
contained molecular weight standards: Myosin, 230 kD; A- 
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galactosidase, li&gBg pbosphcrylase B, 97.4kD; bovine serum 
albumin, 66.2kD; ovalbumin, 45JcD; carbonic anhydrase, 3ikD; 
soybean trypsin inhibitor, 2i.5JcD; and lysozyme, l4.4kD> 
Standard concentrations of bovine serum albumin were run in 
lanes 8, 10 M g, 9, 3 M g, and 10, lpg to aid in the estimation 
of protein yield. For this particular HIA-A3.2 preparation, 
the estimated yield was approximately 112 jtg. 

For HLA-A11, A24.1 and Al, an alternative protocol 
was used whereby anti-HTA-B and C monoclonal antibodies were 
used to deplete HLA-B and C molecules. The remaining HLA-A 
molecules were subsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of immunof luorescent staining 
analysis, it is anticipated that average yields of class 1 
antigen isolated from the EBV B cell lines will range from 
800-1200 ng per 10 10 cell equivalents. 

Example 3 

An alternative class t pmrtf<n a »,- o n 

HLA-A2.1 molecules were isolated Using the mAb 
Bl.23.2 which detects an epitope expressed by HLA-B and C 
allele molecules, but not by hla-a antigens. The mAb, W6/32, 
detects all human class I molecules, including HLA-A, B and C. 
Aa mentioned above, these mAbs react well with the B cell 
lines serving as sources of hla-a antigens. The Bl.23.2 mAb 
reacts with the various human B cell lines, but fails to react 
with a mouse cell line that expresses a transfected HLA-A2.1 
protein or a chimeric A2.1 mouse K*> molecule, it does react 
with the human cell line, cm (Alexander, J., et al., 
faffifflpqenfttl^ , 29, 380 [1989]), that lacks expression of 
HLA-A and B molecules, but expresses low levels of BLA-C 
molecules. This pattern of reactivity illustrates how the 
Bl.23.2 mAb can be used to* deplete the B cell lysates of HLA-B 
and C molecules. 

Affinity columns were prepared using the affinity- 
purified Bl.23.2 and W6/32 mAbs, respectively, as described 
above. The procedures for- the preparation of the affinity 
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columns are essentially identical to the procedures described 
for the preparation of the allele-specific mAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HLA-B and c molecules using 
the protocol as described above. The cell lysate depleted of 
HIA-B and C was then passed over a W6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specific mAbs. in addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 

Example 3 

IsplfltiOn apd sequencing of natural l y nmnp g «d peptide s, 

Por the HLA-A preparations derived from the base (50 
mM diethylamine) elution protocol, the eluate was immediately 
neutralized with 1 H acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (0.01 M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately 1 ml. A 
small sample (1/50) was removed for protein Quantitation as 
described above. The remainder was recovered into a IS ml 
Polypropylene conical centrifuge tube (Palcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliguots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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The retentate contains the bulk of the HLA-A heavy 
chain and B 2 -microglobulin, vhile the filtrate contains the 
naturally processed bound peptides and other components with 
molecular weights less than about 3000. The pooled filtrate 
5 material was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 jil of distilled water, or into 0.1% 
10 trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
C18 Ultrasphere, 10 x 250 mm) , using a gradient system 
described by stone and Williams (Stone, K.L. and Williams 
K,R. , in, Macromolecular Sequencing and Synthesis; Selected 
15 Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06% TFA in water (Burdick-Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdick-Jackson). The 
flow rate was 0.250 ml/minute with the following gradient: o- 
60 min., 2-37.5% B; 60-95 min. , 37.5-75% B; 95-105 min., 75- 
20 98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 
25 (Fig. 3) . Whether a given peak represents a single peptide or 
a peptide mixture was not .determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared as described above 
JO were analyzed by automated Edman sequencing using the Applied 
Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
(5 acids. 

The protein or peptide to be sequenced was held by a. 
12-mm diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
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treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edman reaction to reduce contaminants 
and improve the efficiency of subsequent sample sequencing* 
Following the pre-treatment of tha filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) vas loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion, in coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of tine for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flasX, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTH) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters.. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among" the peptides being sequenced, 
increased yield for that amino acid is observed. 



Example 4 

Definition of an A3.? specific ^rv^f 
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There is some ambiguity In the international 
nomenclature of A3 alleles. The A3 .2 allele herein is 
expressed by cell lines EHM, HO301, and GM3107. This 
particular subtype is currently referred to as the 3.2 allele 
5 (Yang, in Immwiobioloav of BLft# Vol. l f Dupont ed., Springer* 
Verlag, New York pp. 43-44 and 54-55, 1989) , or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EMBO J. - 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
10 in EHM cell line. The HLA-A3.2 encoded by the A*0301 gene 

ref erred to in this document is the commonly expressed HLA-A3 
allelic form. 

In one case using MAT cells, pooled peptide fractions 
prepared as described in Example 3 above were obtained from 

15 HLA-A3.2 homozygous cell lines, for example, CM3107. The 

pooled fractions were HPLC fractions corresponding to 7% to 
19% CH 3 CH. For this class I molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 

20 The amino acid sequence analyses from four 

independent experiments were analyzed and the results are 
shown in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 

25 HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Edman degradation 

30 cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 

J5 values of each row were summed to yield a total pmoles value 
for that particular cycle. For each row, values for each 
amino acid were then divided by the corresponding total yield 
value, to determine what fraction of the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency* table was generated. This, absolute 
frequency table allows correction for the declining yields of 
each cycle . 

Starting from the absolute frequency table, a 
"relative frequency 19 table was then generated to allow 
comparisons among different amino acids* To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HLA-A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected random yield. 

Cysteine was not modified and thus not detected. 
PTH-tryptophan coeluted with diphenylurea, and in some 
experiments, PTH-arginine coeluted with the major derivative 
of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine. 

Previously described MHC structures showed instances 
of critically conserved residues at position 2 (or 3) and at 
the c terminus (either position 9 or 10) . These residues are 
referred to as "conserved 11 residues. The modified data 
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analysis of this invention considered the conserved positions 
at the N and C terminals. 

Thus, the HLA-A3-2 motif should have position two 
occupied hy V r L or M, a length of 9 or 10 amino acids, and a 
C- terminal position occupied by K. 



TABLE 5 
Summary 

HLA-A3.2 Allele-Soecific Motif 

Conserved 
Position Residues 

1 

2 V,L,M 

3 Y,D 
4 

5 
6 

7 I 

8 Q,N 

9 K 

10 K 



Example 5 

Definition of MA-Al-speclf ic peptide motifs 
HLA-Al molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above. In one case using MAT cells, pooled fractions 
corresponding to 19% to 50% CH 3 CN were used. As in the 
preceding example, residues shoving at any given position 
except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serine (S) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (E) were elevated and 
at position 9 and 10 tyrosine (Y) showed a marked increase. 
Other increases noted were proline (P) at position 4 and 
leucine (L) at position 7. Therefore, the motifs for HLA-Al 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 
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C-terminal residue of Y. Alternatively, another motif would 
comprise a D or E at position . 3 together with a C terminal 
residue of Y. 

TABLE 6 

5 Summary 

HLfr-ai Allege-Specif ic Potif 

Conserved 
Position Residues 

10 1 

2 S, T 

3 D,E 

4 P 

5 - 
15 . 6 

7 L 

8 . - 

9 Y 

20 Example 6 

Definition of HIA-A11 allele-soecif ic peptide motifs 

HLA-A11 motifs were defined by amino acid sequence . 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% ch 3 cn of fractionated peptides eluted from 

25 HLA-A11 molecules purified from the cell line BVR. On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V) , a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 

30 increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
summary 

35 HLA-M1 hlleXe-Speyitte Motif 

Conserved 
Position Residues 

1 

40 2 T,V 

3 M,F 
4 
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5 
6 
7 
8 
9 

10 



Q 

K 



K 



gx^pte 7 

Definition of HLA-A24.1 Specific Peptide Motif g 

10 HLA-A24.1 allele-specific motifs were defined by 

amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH 3 CN of HPLC fractionated peptides 
e luted from HLA-A24.1 molecules purified from the cell line 
KT3. on the basis of the data presented in Table 8 a motif 

15 for HLA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y) , a peptide length of 9 or 10 amino 
acids, and a c-terminal conserved residue of phenylalanine (F) 
or leucine (L) . Increases were also observed at several other 
positions: isoleucine (I) and methonine (H) at position 3; 

20 aspartic acid (D), glutamic acid (E), glycine (G), lysine (K) 
and proline (P) at position 4; lysine (K), methonine (M) and 
asparagine (») at position 5; valine (V) at position 6; 
asparagine (N) and valine (V) at position 7; and, alanine (A), 
glutamic acid (E) ,' lysine (K) , glutamine (Q) and serine (S) at 

25 position 8. Table 8. 

Summary 

HLA-A24.1 Allele-Spedfic MtrtHf 

Conserved 

30 Position Residues 

1 

2 y 

3 IfM 

35 4 D,E,G,K,P 

5 I, # M,M 

6 V 



7 



N,V 



WO 94/03205 



PCT/US93/07421 



48 



10 



15 



20 



8 
9 

10 



F,L 



Using the notifs identified above for v,!< 
cl.se X allele eaino acid sequences ^vJw^ ^ 
tu*or-related proteins were analyzed for the 1 8 * 

IZIL r™ ^ ° f - target 2^ZT ^ 
obtained from the GenBank data base (Release L ^ 
The identification of aotifs was don ^ . W) ' 

Progra* ( DeV ereu*, Haeberli and sj^es ^ "™««»- 
Research liUj.. 387-395) . ("84). Nucleic Acids 

The amino acid sequence or the nucleotln- 
encoding products wa8 obta . ned tide sequence 

the cases of Hu» a „ p apilloBa viru8 ™* *f "* In 
antigen (PSA) , p53 oncogene, £Z£%L l l 
(EBNA-l) , and c-erb2 oncogene^ ^cauL « "* Antl9en ~ 1 
Melanoma Antigen-1 (MAGE-i) , 

v-s 

-folates .ist and many ~ ta 

For hbv, binding motifs wew «.,^ 
«w ana syw typeB . In J der Z\Z;^£« f » «•- .dr. 
•equences, «u of the sdr »otl» I "Potion of identical 

« ay v u,« , r ?„: tP ;: snt r.r y thoBe ■ otifs fr ™ 

peptides. P nt ln we " «od.d to the liet 

1 to reeidleT.^eV dli'^' ATT^ 7T" 
v«. identified on those rejions JLt hi 

(on. residue, variation bet«Ttnf , T, " *"» 1Utl * 
Of residues 7.3 to ,„„ fr^s v £aYis^ " ' ~ 
•nelyzed. Motifs comnon to all ~ < *» •**» 

and add., to the peptide list — ""ntified 

— ^r^rirr ^7^7 1 - 

1 12 viruses) was obtained 
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fro. the Los u™» national Laboratory database (May »,i 
rele.se, an* analyze in or<ler to ia J Ttll Zt Z 

ZH7 thr ° U9hOUt ~" VlM1 Hotii C be" . 

Baall degree of variation (one residue .„ ■> * 

added to the peptide list. ' ' f °™" } * l8 ° 

Several motifs for each allele shown below were used 
to screen several antigens. Protein es k 
virus (HPV, type 1 6 .sin, , 0 aT""" 

di.oio.ed above are shown (Table 9) £l t !f„^ """" 
" «« .!» ...robed for Jtif. f 'o. .fT ,, , " " tyP * 
Hel.„. M .„ ttg .„ s mage 1( ?Z fwLe se Llr/ Tlble " 
fro. ail .u. leB (Tibl . 10) . ^ "°? S 
.otifs fro. .u alleles (T able i„ P^,f SMrehe,i for 

.nyelope proteins fro. hepatitis ^vi^e Zl "* h 

getter -, represents .^1^^ " 



search: 



Tbe following .otifs were screened i„ tbe present 



1 XSXXXXXXY 

2 XSXXXXXXXY 

3 XTXXXXXXY 

4 XTXXXXXXXY 

5 XXDXXXXXY 

6 XXDXXXXXXY 

7 XXEXXXXXY 

8 XXEXXXXXXY 

for HT,A-ft3. ? f ft+^ p 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
\. 4 XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HTA-Aii tA*UflU: 

1 XTOXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

fPr HLA-A24.1 fA«^ft T) . 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 
* XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 
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AA Position 



10 



15 



20 



25 



Sequence 

30 IHDHLECVY 
6 9 VCDKCLKFY 
77 YSKISEYRHY 
80ISEYRHYCY 

92 GTTLEQQYNK 

93 TTLEQQYNK 
106 LLIRCINCQK 

2 HGDTPTLHEY 
16 QPETTDLYCY 
44 QAEPDRAHY 
89 IVCPICSQK 



3 RFEDPTRRPY 

4 FEDPTRRPY 
25 LQDIEITCVY 
41LTEVFEFAFK 
72 YSRIRELRHY 
84 SVYGDTLEK 

101 LLIRCLRCQK 



51 

Antigen 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E7 
HPV16.E7 
HPV16.E7 
HPV16.E7 

HPV18.E6 . 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E7 



HLA molecule 

Al 

Al 

Al 

Al 

All 

All 

A3 

Al 
Al 
Al 

A3, All 

Al 

Al 

Al 

All 

Al 

A3, All 
A3 



All 



59 HTMLCMCCK 
Human v iru . „ M „ ^ ^ ^ 



WO 94/03205 



PCT/US93/07421 



52 



10 



Peptides with mhc Class I Binding Motifs Table 10 



AA Position 



15 



20 



Sequence 

2 SLEQRSLHCK 
96 SLFRAVTTK 
96 SLFRAVITKK 
108 DLVGFLLLK 
128 MLESVIKNYK 
128 MLESVTKNY 
152 QLVFGIDVK 
161 EADPTGHSY 
182 LLGDNQIMPK 
215 WEELSVKEVY 
223 VYDGREHSAY 

238 LLTQDLVQEK 

239 LTQDLVQEK 

239 LTQDLVQEKY 

240 TQDLVQEKY 



Antigen 

MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 
MAGE 1 



HLA molecule 



A3 

A3 

A3 

A3 

A3 

Al 

A3 

Al 

A3 

Al 

Al 

A3 

All 

Al 

Al 



Melanoma Antigen MAGE 1 
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Peptides with MHC class I Binding Motifs Table 11 
AA Position Sequence Antigen 



21 IVGGWECEK pgA 

57 LTAAHCIRNK PSA 

88 VSHSFPHPLY PSA 

95 PLYDMSLLK p SA 

178 DVCAQVHPQK PSA 

182 QVHPQKVTK PSA 

236 PSLYTKWHY PSA 

239 YTKWHYRK PSA 

241 KWHYRKWIK psa 

242 WHYRKWIK p SA 



HLA nolecule 

A3, All 

All 

Al 

A3 

A3, All 
A3, All 
Al 
All 

A3, All 
A3, All 



Prostate Specific Antigen (PSA) 
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Peptides *ith MHC class I Binding Motifs Table 12 
AA Position Sequence 



2 STNPKPQRK HCV 

14 NTNRRPQDVK HCV 

43 RLGVRATRK HCV 

302 VQDCHCSIY HCV 



556 WMNSTGFTK H CV &3 

10 605 LTPRCMVDY HCV 



HIA molecule 

All 
All 
A3 
Al 



626 FTIFKIRMY HCV 



Al 
Al 



15 



Hepatitis c Virus (Consensus Sequence) 
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Example 9 

QWPntltatlve HLA class I MnA\ m y 

To verify that motif-containing peptide sequences are 
indeed capable of binding to the appropriate class I 
molecules, specific binding assays were established. HLA-A3 2 
molecules, were purified from GM3107 EBV cells by affinity 
chromatography using the GAPA3 *Ab (anti-A3) to isolate A3 2 
Prior to the step, the lysate was depleted of HLA B and C * * 
molecules by repeated passages over a Bl.23.2 column (this 
antibody is B,c specific) generally as described in Example 2 
above. ' 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3. 2 motif, was used. This 
peptide contains the anchor residues v 2 and K 10 , associated 

Inst^; T "r blnderS ' ^ A V residue was 

inserted at posxtion 5 to allow for radio lodination. Peotidea 
were labeled by the use of the Chloramine T method B uus et 
referent 235: " 52 WV ' "** ±S ^orated herein by 

A dose range of purified A3. 2 was incubated with ,o 
- of 941.12 at p„ 7 . 0 and 23-c, in presence of a^e 
xnhibitor cocktail (l mM PMSF l 3 »m i in v 

chloroeetnyi ketone (TIOC,,. in ptmm J' ot , J, 

raT " Cr ° 9l0bUUn - Aft - *» -Y-. the JtZ 
radioactivity „ae »„sured ^ , 4l lUtration 

Cefter. ed. ,W.B. ^.^^^^ 4 
vhtch is incorporate* herein by refereilce . ^ » " 5 » «• 
<=~d bindin, (i , the 60 to 100% o^j L I: , 

concentration. rangin, b.tw.n 3S ^ 300 M **•* 
observed at 15 nM AJ.2. 30% blnd i»9 was 

To .iniBise A3. 2 isage and to increase th. 
sensitivity o f th. essay. a concentrationT/'o " „ , 

sxng the conditions described above and 
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<924.07), a Prostate Specif ic Antigen peptide (939.0!) »a 

ZZl V? ( " 0 ■ 03, ' • * ~ — "»< P.ptia. .«.oT 

5 V Wlth * SM 1 " hlbit '"T -ncentration 

». «CS0«> of 22 «. »hll. . inhibition w.. „b.erv.d with 

peptide ,„.„ (1C50% Mt m) , ^ 

not show „y inhibition up to the 30 w, l. V el. ^ *. 
concluded thet peptides 140.03 end 939.01 ere high and 

1. s^Tf"" a " lnlty MBderS ' r "P«="vely, while peptiQe 
" " 4 - 07 « • 1~ ."inity or negative bW 

Throughout this disclosure, results neve been 
expressed in ter»s of IC 5.... oiven the conditions in V h lch 
the assay. m ™, llxiting mc peptide 

concentrations, , these values epproxinate K D values it 

orenatically, it the essay conditions are veried end 
depending on the particular reagent, used (.., c^s t 

^ZTZ^^ " — " ' ~- dncen^acion. of 
» lig.no ** <,PP ' rent — — IC5 ° «" « given 

reference peptide. ». reference peptide is iJLT'. 
•assy as a particu^ ... ay ^ sore or Is 
•ensitxve, the ICS... of the peptides tested »y ^' 
s=»vhat. However, the binding relative to tn^ r^ 
peptide will m. co.the reference 

wl " not change. For exasple in m* 
condition, such that the ICS0 o, J! . 7 Under 

increases 10-fold. ^TllLT^TJT^ 

or negative ^ll^lltll IT. ^TV" 
tn. IC50 of the standard peptide. ' "'"^ to 

P^icuur".s«l^ 0 ai °/ f ^ Sti " dard «-ured in a 

tn« it jrLi^rrr^ in tte 

-etersine good. interneaUte ^ , ^ " ValUeS *" 
Should be nodified bv » ™>9stive binders 

nodifaed by . corresponding factor. For exanple. if 
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^"o^'l bi T ■■* ass!,y ' tte ICS0 of the «- 1 

(941.01) were to to »ea.ured as 8 nM instead of s « », 
peptide li,and would to called . good bind J * ' * 
ICS. or las. than 00 nM ,1.... a»M x o.l,. instead of lr " 
5 usual cut-off value or 50 nM. 

The experimental system herein ri>.«.<i. .. 
to test bindln, of lar,. nJtors J^^JZ 1 T 

assays can be performed as follows. 9 

The cell ii„e BVR was used as a source of HUL tk 
dependency of the binding on MHC concentration in 
absence of M are shown in Pig . e.ZTZa , ,7* " 
dose dependency of the inhibition by^Ls Lab J t 
Finally, Flg . 8 shoW8 a Scatchard Unlabe1 ^ Ugand. 

of apparent *> of - 6 n« an oTlo* T2^ r "'T™ t - ^ 
opined, and were remarkable f o" ? j£ tTL 
values obtained for A2 i and , similarity to the 

- " . tadiolatoledtoto T^Z^.*" ~ 

a .euro, of" iThxT "~ ~ — « 

•PPlisd to purTfic.«r: f 1 Pr0t0e01 piously 

Purification „♦ . . Bl -«-S "Ah colujnn, followed by 

utii^rrL: :t °* * wh * - - 

peptide, were eyntnesLe ^ f^' 

^ -** the^tandardVl ^1 H ^ 
™ ^oubation in praaeno. of prot * Z^l* 1 2 

"iustratin, the relationship totween JtET" ' * 

"» *1 is shown in Mo. 9 L. !! / M " <iin » * M *» ^ 

that in » Ilogy wit „ °» *"a, it w ao conclude, 

« lime .s 3" nM^rtrLi »• - ». 

sequence of the peptide used L a rad^ , »• 
is VLEPataky. ln tte nMct ° " * "^labeled pr„to (9 .,. 02) 

or the .s£ estahli^H. t JThTr^' -* 
-ess unlaheled peptide. «. ^ * L JrT^"^ Z 



15 



25 
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j*0 m. further Scetchard .malyeie ,„„. 11} verified 

T. D T!!r? K ° ° f int *" rtl °" corresponded to 21 nK. with 
a * of active receptor corresponding to 5.!*. 

HLA-A?4 BPeciffg f» rrrrr 
HLA AS4 noiecule. were purified from the KT3 ebv oil 
line in this two consensus peptide, whose s^ce. 

were based on the pool sequencing date heve been synced 
Their eeouence. ere: ,79-01, AYIDHVYKF end ,7,.02 AYi™ 
The reeult. of ^cperinents in which the * hound of tneeeTT 

«9. 11. in both ce.es, 10-15% bindin, we. obtained with .. 

13), ltaitin, HHC concentrations, revealed that the bindL 
we. reedily inhibitabie by excess uniebeled peptide tiTl 
•pperent ^ of 30 and 60 „M, respectivelv 
experiment, verified value, of 

and 7.4%, respectively fpia o. w, 

-te, peptide lUl^y ^T ^ " th<> " 

label indicator for A24 Ms . y . 1,1! " tMdM:d 
the det. herein descri^TeisrCZ^ 1' T 

accomplished, m conclusion, soecif lr - 

eaior HLA alleles have been uesc" ^ ^ ^ «*» 

Rcamply m 
acpanslon of ht.a ^ K-rffn 

-dii y ^r^v^terdt^r 110 - - to 

' ' an<i «<)• This allows verlficetion „<• «. 
correctness of the eotif. i eriricetion of the 

various HLA. A *ltT£J?- ° f P ' Ptia " «=*•. the 

»lecul„. Typify ' MPaCitlr 10 ^»«" «A 

™ -ot«s e^edLt rneut;e 1 w b:c k : ynthe6i2ed with sp - ct "° 

alanine residues ,n sL ' ".posed of only 

introduced within the ZZTi^^ — 

•Juence, with the purpose of increasing 



15 



20 
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solubility. The use of such "neutral" poly a bac*^ 
applied to the case of class xi molecules MJt " 
i» detail, for example, by Jardejw et ^ " T 
=HB0 J. 9<6):i 797 , 1990) . ^ " a1 ' ( J ~** 2 *y et al. ( 



For exanple, in the case of A3 2 w 

presence of the.. tvo anchor ^^.^ w "» 
context of . poly a b**bo„ e , for A3 2 Jndi 

found that in all <-k binding, it was 

■*,"*«' °» M»<"»g we. .i IO eb.oiut.lv st,^. \ 

no bi^ we. d.tect.d to irreXev^t .11^ SP *° Uie - in <*" 

exception, to thin ,en e r a i nll ZTo^Z' T" 

Md " l P-Ptioe. cro.sre.cted extensiveT^ " 

perbaps as could nave been expecj ^ ^ 

motifs for these two * that 

— *X Peptides SL^^^n*?* 

affinities, on All ,„d „ 3 ' ""^ Wlth — 1—r 

allele, of interest, analog of 10 re.iajr ^ 1 

of the 9 residue peptide. i„ I 'T" U Xm ** «* »°»« 

(I«bl. 14,. ml ™ " «» W the.i Md 

.-itlon.1 Ale residue ^ IIZZ T^^ " 
anchor residues are not located InVV. S ° that <*e 

opposed to 2 and 9 i„ theT f positi °«* 2 and 10 (ae 
. , , * ln «ie previous Table. 

obtained illustrate that motif a ,7 ' * e *ults s 

capable of specifically b^ ! re8idUeS *** 
Alleles, albeit t^£££ !° ^ -lass i 

10-»er prides which contain tL " ? b ° th 9 -» er 

«• <>n\he basis of the 8e 1" ^ ~ ««" 

» *er or n- Ber peptide6 
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"""t^r ** c * pabu of Mndin9 * even " per '" t " ! 

The date describe above show that'ie preeence of 
c«taxn residues ln a. ancllor doM iUow 

• in a "neutral" poly a backbone) for bla binding, to 
investigate to what degree other ui™ . cid . (for 
ch.nic.Uy related e»ino aoid.) night be toler.ted i„ these 
eruoial anohor poaitiona, enalog. of sons of tb. poly » 
peptides from T*,l. „ ware synthesized, in vhiob tb. reeidu. 
preeent in poeitlon 2 (or 3) or 9 ve. v«r(.„ .... residue 
> . ' w " varied. The results of 

thia analysis are shown in Tables 15-19. 

1, V 9, A, T, and P ware found to be preferred (binding > o i 
relative to previously defined anchor residues, . whilTc o 
•nd 0 ware pemitted (binding £ 0.01 to o.l relative to 
previously defined anchor residues,. The substiution of E 
because of it . BtalUrlt| , to D , ta ^ 

a~. mo — — - 

in positio 1 ; rjerH h ^vTVt' ~~ 
^'-9 —- —.". 0 InndYby^lar* , 

- position rr-rrc zziz F r p - f — 

tol«.ted. I„ pasition 9 r ail , reSi<iUe 

- H by extension, . „o wT toierat^ « " 

- ^u n srb.rderi. r rT^orr r- 
:^~ n r 0 uTof r - - - 

-r binding,. t^cT"^ """^ 

nnalog. f ontai„i„ g two ichors ^Hl^ " M ° n ' 
residues night be preferred or ZlrZT *° d " ln * 

- data shown in Table ^^T^Z T^ 



10 



IS 



20 
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M are preferred, and no other residue is tolerated t 

Position 3 (Tab ie i 9) , D and E are P refJl d ^fj 

by similarity, are tolerated. FinaLy,^ t' T< ' *"* T 

is preferred, and no other residue appears IbeT/' T* * 
(Table 19) . fpears to be tolerated 

Thus, on the basis of the data it < e 
Peptide, «rryin 9 „ ny -inltlM „ f tM ^ ***** thet 

« b^. peptic mnlBg .^ r ;j: c iz t t T. 

csrryin, . pr .ferr«i r M idu. .t on. p„. ltlon " ' 
.n. .t th. oU« enchor portion, JZu It ^ 
binding, .«„ if with TOB . wta t Xovor . ff in t '° " 
notifs of tnie invention for v«ious hhc , ""l*"' 

ecid ^ fro. varioU5 virei and J"**" 
w.r. enelyeed for ^ ^«l«ed protein, 

-otif eneiyei. it Bhown TsMs 23 °l"'' k of thi. 

....... Emaeu 11 

* " Mi ?tJ!' W '" w '" r ' lf " ^ uiji^a^ 
Prrt-trtTiT 



Hussn PopiUon.viru.ee (hpv.) ,„ . 
etioiooy of oervio.l « M <Pf Jter ' 7 1 " P " e, ' t «' 1 the 
biocneeistry of pepiiionevirn.." PW^' ^ 
"'111; rur Heo.. n , H. (199a, LZ.1' M * Sio1 - ««*-. 
Pitney. of „oo.nit. TcL« ;Co °" aVlr,,SM * 
to 10, of totel oortelity do. to c J™ ' "* 
»■ (1"1). Virus.. ^ Hman C^Z2 "° ° <"* "»"•«. 

cencer-reirted deeth in fewi.. mTl £? ° f 

-™ - -ixt^n Mjo ; cZ ; °vr vorid - ide 

41:194). BPV ONA i. present 1„ . < l9( "»- Int. J. cencer. 
cercino.es end pred £ ^."^7" <* *- -«vW 

*■ H., cornet, H . L lg nt D ^ <— *• 

POX, H. S.. ter SdMJget, J I ' ' " Elchi "3«, 6. K., 
Detection «d typinc of h, ' • 

oervicei^c^Ii^To^" 1 ^ ^ 

priners. V ».„. cencer xLt v!Th " VUh "n^sus 

•elcooeers, ». „. M. , du Heine' T *T *' «- 

' "•• K ««Mns, p., ana MalJ<1I . 



15 



20 



WO 94/03205 

PCT/US93/0742I 

62 

LZil 1 " "'■ ' 0Utmm ia Prevalence of huaan 

papilloaevrrua genotype, in cytonorpholooicnllv no™., 

neoplaal.. Xnt. J. Can.,.,. ,8,40,,. a. ability c^L ls 

^nortalir. rodent cell. (Y M u»oto. s., Burkhnrdt, * I 
B»ni9.r, J., and MP.olo. j. K . (1 toluiZll- 
type 16 DMA induced eellonent tr„ 6f oration of hi^tT ^" 0 
Wrol. 57! 5 7J) e„d httJta „ wtinocyte. (MrLi T 

("«7 . Tran.-rora.tion of hunen flbroblaat. end 
k—tinocyte. with hunan papilloaavirua type 16 dha , 

IT^Tr^T'Z hUMn H. 

er ' £ *' Rood, i., Mehendale, s ei ftfa> . ^ 
□er Noordaa, J. , and ter Schegget, J. 1088) i^'^ ~ 
anchorage-independent growth of huBan ^"L. " ° f 

vith a deletion in the short ar» ^ 1 ^ fibroblasts 
«:4538) suggests dirlJ ^ ^ ^oaosoae n. viroJ> 
aulti-sten 111 involvement of HPV i 6 i n the 

*ulti step process of cervical carcinogenesis, 

In general T cell immunity in , 
cytotoxic T l W hocytee (CTL) ie L^ll^^T^ * 
•gainst virua-induced tuuora IHelJfr, d< " e!,M 
-diction by adoptiv. ZllTt] ' ^ 

canc„ , 9S . se!143! Melief , c. ^ ^ 
U»92). Lessons from T ceil n * 

r «.dic.tion T i» ce l« r^rr* in rr <— 

Gently i„ . „ou s . u „„ ^ *~ "'">• 

protection aa»inet SPY 16 E7 «m~. T de » re « <* 

Helletroa, K. e. J,,?" " ' ' Bellstr(to ' I- «d 

nucleoproiain £ L^^S?^ ^ " * 

Hellatro., I.. Hexi.^;, K ' ^ il'J, *" 

and Linaley, p. s . * "„ ™* cter - J- A,, Meoowan, 

*— «* x * the B7 count. 1 ^t^Tri" 
«l~ula. oa. Md CTLA-,. ceL. 71 " M "* 

Protection by CTL we recently ehown J ' V1V ° 

•ntly ahovn in .ouae aodele i„ wnich 
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synthetic peptides . 

'.ptid.-indne.dal?:' " Bensart « r - H - <»»>• 
ff™' J - H. a. Voordoov, A mI, ' L - 

° peptide. Proc. w-ti « ^ pnocyces with an unbound 

souse model it has u 88.2283)* Moreover in a 

vaccination with a CTL ..I? T iChi,ve ' 1 * Peptide 
=70. ' PitOPe d « lv « a the vir.1 oncogene 

dcnirabl/^™ " " 9M " Pr<,duct " «" «>■ «st 

indeed tunoj ^ «ccin,tio„ . galnst ^ „ 

c.. Undo™, v ., „ < c. or p helps< „ 

«• C19.7,. strectur.l and tranec^w, ' " P - 

linen, j. riWi , " <=arvic.l carcinoma cell 

t»«J. ^ptl., of h^apm^. r tt6t ° in ' °- 
»"»» in a cervical cancer ZT* irU " **** " «arly 

id«tittc.tio» of th." 7 " r "' "T^^"' Ce " «* 
«M„o, and involv . d ta ~ad. sci. 

'•' t., .nd Ban*e, L . u ,„°° ' l\"° r9 * n,it * n '' 

° f « Protein in retired f o ' .'. • . ^ «*«— !• 

tr.„. for „d phenotype or c^lTl ! Mlnte,Mn « « the 
EJ ran »»» . co-transfor»d bv Hoe . 

Hubbert, n.rc 3 o r ey T ioon ' ^"r 

" - and E7 protein coop^atTJte 11 "' *" *" «PV 
•"ratlnocyt... ho.., f orMlci „ 

« ceu line, derived fro. °' *" Vlt " 

-? E7 ~. involve.", °" °" 

"intend, of the phenotyp. 0, 0",!.^*" ° nC <"<"«<' *» 
(Von Knebel Doeberitz h » I Mrvlcal ^"cinona cell UBes 

*' M " B "*nect, t., Bartch. o 

u * # and zur 
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Hausen, H. riooi i T ^, 

5 «Pitop.. Wd potwtUl ».c=i„ a I * th. CTL 

tarn., „ .er.^ pe-t^ !J* n f i4itM <* 16 for 

' r 7 ent »«c .ol.cul... nLl ° M " d 40 «• «•* 

Co«bi„. d the.. , lv . ^.f* "- 2 - «~> 

Z - Hlotoconpatihillty 

* ° n °°»«o fences were cyn If ^ f *" " « 

** ^ fixity to bln^T"""- *" PePtid " — 

« this mlymlm , bai 1 «°ov.. The „.ult. 

'or th. r M pectiv. .H. ae ;"" «* « «1 Peptide 
' c »««.t. en. . pltopeB • n<1 «v«l th. po. slble 

Pr.dict which peptide of TJ^LZ * tta*. H« , lleleB 

»»ly«. were u.e. to .v.Xu.te the".,! f PeP " d<! "India, 
'or th.ir PTMictive c.p. eitlM ~ i V " 1 " e « «-o». »otlf. ^ 

Ms on positi< »» *. (3> «*TL . 
^«^ io rr. d ^ t ;;^^;;; d 7 by solid pto- 

* »~ cycle. 1» ^ ^r 0,MUer (AM ~> ^ «2, 
'"oo-d.protection proo«lur. ,J <,lter "«.. with . 

synth "t» with bop .«i " i; AutoMted -wtipi. p. p ; ld . uliB ' 

^ • - 1 *::;**™- r r ut " 

na R. Marshall, Ed. 
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=10. chain P rote^, L" Cle """ i ,rOT 0,6 and 

„ A P ZtZ7j:*T re °° Ved * *~*-* with 
5 lYophiUaed an, Co lv «T. "T " V """ "PLC 
phoephate-b«fered J~ ^ £~ - > "/.X in 

" -'<»• c - Sine, cyatein. «mt^T££*" 

to (air) oxidation durino avnth. . peptidM «• owaceptibl. 

10 rsr.- ~~ srr-^rss o?r 

or 240 peptide, of 9 ln ,„„„ V aU « jM - * oonplete set 

" — ^ the e^enoea TZiT^TT" 9 * * 
iprotein., WM ^ "* » »» " E6 and E7 

■oleculea. lndln ' 40 5 «««re„t m- A 

- bound to HIA-AL -olecu e. ^ " !t* P ' PtlaM «* -» « that 

••an that 2 peptidea bound with * °-° 01 - " =an be 

<>••«. . with internedi^Vaml* "'^ *».««• "ol.=ule 
»"i"ity (0.0,-o.oox). Peptide" 7 <0 - 1 -°- M > «■* i with low 
« ailow oonp« lson ot LJlZT, * v "« to 

X. calculate the concentrate «•«*««.. 
• 50, inhibition doa.^tt , " a PePtt<ta ~«««y to yield 

— « - 1= 5 . * th ( : r £ r": ia - *- — °< 

™ IC 50 of 23 nK (8l/3 . 5) "°" Pl »- PoPtide E«-ao 

««nity binde„, e L^iaT.^ " " hi * * 
low affinity binders. Table 20,^/ ^ Y Mn<ters « an 
bound to h«- a11 . 2 2 °<=> -"oribes the p^tidea that 

Identified. 4 i-t.^^^* ^idea ware 

P — - a y at ^.ti oT ^ 
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VADKALKPY) were identified for HLA-All 2 

binding streets of ^ firet tTp^e.^^.r "* 
""""" «» -otlf end the L-M 2 L^V ^^ity 

ere preferred et the 9th .» ^.i^T " ln Whlch 

s inched et the ,th ^ ^Ai^f" ^ " 
Tables « M and ,c, it t . clear ^in, 
of peptide, thet bound to both A3 2 end , """^ 
eighteen out of „ „ . nd BT^de. bind,: T 1 " 0 " 1 "- 
noiecuiee overiepped end oni/s^"^ ^ th °" «~ 1 
' «■* » Peptide, unique for H^Al! ". l,U * ** 

Finally, Table 20(d) deser,t» e «-w 
bound to HLA-A24 eoleculee. H^T^tT 
« hi* .ffinity binding peptLl 5 ^!" " "»«fied 
binding peptide, end 5 J lc l Tj,< 1 » t «-«»t. > ttinlty 
amnit, peptide ^ VZr^/TT' °"' M ' h 
*«init y peptide ( B7-«, HAHlfHrvTP) vel^Tr"' 
that an A et the second Bonitlo. k ldentifled ' indicating 
« thee, inolutl" .r ^TY" - -A- 
In analyzing the.e tebles it «„ MiC * t * d ^ **ble 20-e. 

- 7 high .ffi» lty bind^ pep^^tr ^ * 

Of the tested HLA-A noleouLr. Oc^Mioneliv *" *" 

wre binding to nor. , Ulte . Thr« c !"t " PePtldM 

3«> bound to bl»-„. 2 , All . 2 J "*; 2 ; 0,M! («•- 

«nd EO-ao) bound to HLA-A1 A, , t Peptide. (E6-09 

crossreective peptides^ Z^'l 

different m* noiecules. ^ " K ~ " "°" «* <*« 

concluded that, except for hJ^ ™ iJT"' " ~ * 
«Wt a U blnd ^.tpST 1 - 3 

-need ^ Z — ~ an 

Peptide, and al.o the revers^T """^ of a 

flowed the identified^ 

™*ed V high binder., intermediate 1"' """^ 

•»» negative binder, and ,„ binders, weaK binders, 

— on the .nchoTso^^rf^r.^ 

Table 6 were analyzed. The 
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overall efficiency of the 3 /■.« 

ciculat*, and th ls ls r , T ' B " Chor v.. th« 

«»ciuoed that the .otif deeoril d 1 ' " * 

bolecul.. m ^ HZTtt T° ^ dl ""'« 

well 67% of ^ ^ ^ " W ° Uld * 
"naer. between „ .„ a * JS"*^ **—«■*• 
the hla-a molecule analyzed. p t ^! p ^" diCted **«oi»g on 
"nam, peptide, that would ^ZlTi.T " 
Percent of those peptides that wer , T1 ! 0 " '" ,d "» 
«tu.lly dld not btnd ^ J^JfST t0 ** 

Analysed differently of ^ » " UeleS - 
to HLA-A1 actually 5 bo^nd * * "J " to 
affinity. nl . indlca ^ a thaTjw a f * '"""'""e 
to be aade to fi„ d the., potent^ ~ "ould have 

for HLA-A3 3 ,,, , Potential CTt, epitopee. Th. 

"1. 2, and A24 were ln/i* ,.. "gures 
"sportively. This implies that.* ' ' "" d 4 "' 

of thee. all.l M i. goL B ^d„« " fcr .11 

t«.t had not been predicted hy 1" r ° £ """tide, 

"o (-) in Table. „,„ . J* f'" 0 *"'^ described notif.. 
predicted by the 2. (3 , J 'l™* 1 °' Prides th.t were 
indicating that hexing tne '.nt did "° t 

•ufficient for bl„„< 9 <U " !hor «">idues is not I, 

ror binding end ijuplicatly./. »u ^ always 
residue. c .„ aalce negative eZ» , »o»-«nchor 
peptide. ' " V * ""tribution. to the binding of . 




ootifs uioh t influel ^Z^TtZr™ «* di «-»t 
bind to the releveot BXA alleles th! 

Potenti.! target nolecules »«. 1 r^ 0 " ° f v «i°ua 
■otif-contaioin, peptides ' ~ *" °» Presence of 

oyntbesised and tested for bind™ "-titled were 

in the case of M . a «— (Table 20 
«%b high .fflnity'i„ tt e 1 °* 2 ° 5 

tbea bound with internediate «f ,„,!• " ™ "•<* of 

"nitres «* th « * to 500 nM 
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ran,.), while 34 . 6 , bo ^ . 

rande,. Finally, 23 9« „, ^ ... ■* to 50 «, 

UP to the 50 ! *" " «1, ,t leMt 

»» Peptide £Lnd "u, ° f « (33„ or toe 

range.,, while 24% bound w.^w " '" lBitl ~ «« the 50 nj, 

ran,.,. F i„ aUy , „ eT^ld notM d ^ " " « 

to the 50 ,0, level. " ind "* « least up 

. ^ the J^irx;;,:™ ~— - 

-otifs (Tablea 22(a, and ,!n ' " * 3 - 2 ' «« *» 

cae... the fre^y TJ-Ji, I «»* th.se 

- ) ' M ; e t; ~ -en lower , 17 . 5% , 

notlf-eontainin, 10-.er p.pSue. ,T ^ °>" 
in general, reduced affinity '"^ M " d ' nlb.lt „ lth . 

In eummary, the data shorn, <- 
show that the pr.^ of ^ *°™J* m » "«*ion olearly 

suf f letat per „ to allow^or ! ! "* idUes «* 

•PPorent that the nature" Z'ZiT " * «- 

Position, other than 2(3, ISt . **** in 

Presence of certain residues 'i^l " :' 0 " i- that the 
«n n. g .t. or increase to " \ *>«""•«» other th„ iuli| 
•eternin,,*. **" blnd1 '" Potential o £ . peptld . " 

The data shown in 
«P.c«lo binding «s. y " c ^tCt 1 7d SeCti ° M d "" lb « «~ 
contains, p. p ti d . s , peptidCB \T J*""*, within notlf- 
"snted to devise an altLl t L " " *— »•"*•• »• also 
Procedures that would he .bl O B ! t"' "" eIy to d «lv. 
containing peptide., whlcTol^/ ' VltWn «*"- 1 

intermediate binder. " * l9ht *» 9ood or 

ot«er ^ts ^l^ oe 

»- -own to be l^un^o "fol"' * ^ 
residues <£. t have a native ilZ ^ '° """'V 

nil Positions for M.2. A11 ' " """^ « «»lXsis of 

ho., and zszrz tt 

xn the case 
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ZJ^TZl* "~ u ocourr,a ' oe ot —*»«». 

pepcraes, a different cutoff wee used such tW „ 

cosperes good end intermediate binders oTth <mXySle 

«d nonbinders on the other. ° M h « d *> week 



EaOUBBlfi 13 



In light of results Dresenf3 *1 1 nTPT>lflrn 
.isoritta. .« Qevel to p ^" d 7" i " »-W « *bove, 
i binding ba. ed upon J effect! of alf """"" °< 
Position of e peptide seguenco, L .Lit™ " " "* 

conserved residues. More specific, . **" ""<*" or 

bank obtained during the screen"" of """" * 

or 24 „tlf conteinin; ;: pt ^es to 0 "e V C0 1 UeCtl0n ° f 
for eech particular allele whirf, . . P ""^ 

-ino acid et eech positi™ XT^u" "~ 
each residue is taken a. the ratio of L ^' * ^ for 
residue in go od and interoedlat. Mnlr', '" 5 "'" 01 ' °* t, » t 
occurrence of that reside in nt-btoer. *-~ * °< 

rare residue, SU ch as tryptoolT t ««»«>tered with so., 
occurrence, to obtain a IcTtisc^'J *— "* to ° '«» 
"•tin, i. Mde o£ scores 4 :^.:? * l9n " 1 ""' *tto. A 
t—ar -ino .das bv . ° y '""P 1 "* for each of the 

conserved residues that def ine T. PeP " d " staining 

P«Ptid. is scored in the "° tif (2 '» * 

of each of it. residues. " Pr0dUCt °* «-e 

scores 

i» further undone. 1 b^ i^'Tbmt *°» """^ binding 
of peptides vith the highesc 2 PredlCt * Population 

o«. to rely, for ^.^TT" °' ^ Wnd «"- « 
Predicting ,-„. r peptides^Vw ' ° n the *'f »«" for 
tb. large nuober of pep"^ ^ ' ~ 
Piloted to be good bLere " r^ -° tif «" - 
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either weak or non-binding peptides t„ 

— created with . greeter percent.,. o/l"d ? 
9T«t« percent.,, of intereedi.te llZL. LTT 
P"cent«ge, r.Utive to th.t predicted »t£ T 
Peptide., „„ veak and „ on . hlnder< , " y ■ oti '-<=«n'»in ing 

The preeent eaaapi. of «n algorithm use. th. 
the fr«,uency of occurrence of „ „i M „ cid " . . Mtl ° <* 
non-bi»der. to .e««r. the impact of , oar^L ? ' 
•ech poeition of . p. ptl d.. I la LL^^^T " 
Of ordinary rtU1 ln tte ^ ^ th«. ^. .L™.^ 
of creating . .i»u« algorithm Por examoll 
ever.,, binding am „ lty v or reUttve bl 7 ^ 

amino ecid eubstltntiona i„ . ^ tit l^Zl 1 °* Sln9U 
Poxy-eunio. baOcbon. to , M . r . te J^t. £T "ith . 

end not Juet good/i„t.r..di.te binder. ^ 

"oreover. it give. . „„« 00.^1^" " ,m - M *««. 

then th. ^ :: t r:: : ^; o ;n«°' 

el,orith. by calcuietin, for eel ^ J'"""" "* » 
•vereg. Xo, of binding when that p.rtWa, , P ° Sitlm - «° 
our ..t of notif containing peptic.. 1. T T 
• Peptide i. then taken Z.^lr Z . ^ f « 

for eeoh of its r M idu... " COre " »» Portion 




incubation « ^itpC^ °' ~» 

•ffectiv. HIA-.u.i.Jp.^f an W ^ ^ *» »~ 

lynphocyt.. which led to £ devest V*** * 
cytotoxic cell.. Hi. we. eoc"!,? !^ °* ""Specific 
Phytoh-egiotini,, "c.rr'L t " Sir " elth « 

eononuclMr cell. pbmc> " * ^ ° r ""^oral blood 
.—Activated pLT.. L: ~ ^ ' 

other APC and to the other mc au'iL " PPllMble to 
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Wscoruie acid. Cat ,BS.2. ff ... BUter , Phiuipsbarg 

Anti-BM A2 (BB7.2), cat «BS2, »TCC Bo^,, 
Antl-HLA OR (LB3 11 , ' Ro< * Ti lle. MD. 

Bo^i/V V frw " J - Children.. 

Hospital, Pittsburgh, PA. 

Anti -" L * pan ABC (9.12.1) tr „ „ 

^icrclohuiin, cat «ou,. Scrlpp . ^ Sm ^ 

BSA Fraction V, Cat /A9418, Siqma st T , 
50cc conical centrifuge tubes ^ T'T ' ^ 
Lincoln, Park, NJ . ' ' 2 ° 7 °' Palcon < 

Cryo i«c freezing container r»+ 

Rochester, NY. ' ' 5 "<>-0001, Nalge, 

Cryovial, Cat /5000-0012 m*i«- » . 

"»thn . ulfoxlde <^;:iT,*2°':zj" st 

Louis, MO. s *9»a, St. 

DNAse, cat /260912, Calbioche* San n* 

Dynabeads M-450 goat anti- ffio "e zTa a T'< <A ' 

Dynal, Great Neck, ny. ' ' /110 ' 06 < 

EWA tetrasodiu» salt, Cat fEDASS s± m 

MO. 5S ' Sigma, St. Louis, 

FACScan, Becton Dickinson, San Josef ^ 
Petal calf serun fFcs) 

Irvine, ca. /3 °°°' Scientific, 

Picoll-Pague, cat /17-0840-03 Ph*«, 

NJ. ° 03 ' Pfa «Bacia, Piscataway, 

Gentaaicin, cat /600-5750AD Gib M ^ 

~ centre, BeCc^n l MtrUBents , ^ ^ 

Hunan AB aarun (hs, , cat /100-U2 c.„< , 
Bioprodueta, dabasaa, CaBi » 1 
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Human rlL-2, Sandoz, Basel, Switzerland. 
Human riL-7, cat /Fl-1587-1, Genzyme, Cambridge MA 
isoprop a» 0 i, cat /A4S4-4, Flsher Sclentific , ~' 
Pittsburgh, PA. 

«. MicroCELLector T-150 culture f l a6 Jc for selection of 

cat /8o3 °' a — — -wt:;i 0 

OKT4 hybridoma supernatant, cat /CRL 8002 atcc 
Rockville, MD. ' 

PBTc £ a°^ aldehy f ' ' T ~ 353 ' Fish -' Pittsburgh, PA 
PBS calcium and magnesium free (CMF) , cat /17 T. J 

BioWhittaker, Walkersville, md. 

Peptides used in this study were 

and described in Table 24 I at cytel 

Phytohemagglutinin (PHA>, cat ,HA-l 6 , WellcoBe 
Dartford, England. M ' 

^ 1640 + He P«» ♦ glutamine, cat /l2-n 5B 
BioWhittaker, Walkersville, MD. 

'"I 0 + ^ + 9lUtami -' ^t /380-24OOAJ 
Gibco, Grand Island, NY. ' 

■* ~ 

Triton x-xoo. ct ,x- l0 o, slgM , st . ^ 
24 well tl.su. cultur. put., ct #3047 f!i7 

« w. U u-botto.es duster put., est 

Carriage, m. ' 0,1 '""< Costar, 

I. 

Culture Medium, pha m.,* 
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^~T> WW* m. EBV transformed lwtabll!toU 

-tines (LCL) were maintained in Rpmt hh* ^ „ 
gXut-in. (Bio^t^, -WU-^TS^^SL* . 
gentanicin a. above and io* heat » , 

were phoned in RPMX/iot res. * """" 

cytokiMs. Recombinant human int«l. ukl „. 2 fr _ „ _ 
«. -ed .t . fine! concentration or „ a/ml LcoJ< ' 
» human interx.nj.in-, (rIt - 7 , (0enIyM) J'^ ^f"' 
concentration of 10 ag/al. tM1 

Ration ox Peripheral Bloo<J 

blood wae coUected in heparin (10 U/mll J!Z '. ' ' " b0la 
- .Pun in socc conic! centri u,. ^ 
(Beccnan cs-en, is .!„. The pl J M T> JlT"l "°° ^ 
«* « »1 of the huffy coat collected Jth l lo j 
».in, . circular notion. The huffy coat™. !f " P1Pett " 
and diluted with .„ equal volu™ It Zrl Z ° l "**»°™Wy 
diluted huffy coat „.e then layered ".Too" *"« 
(PharMcia) in a socc conical tub. . Z plt *>XX-Paque ; 

«cou " ~ ^--"tnrr * • ~ 

— three tinea' with'sTnl ^"^r tU "» « 

for 10 ni„. 1 ^ (1 ' 00 < "■>»- «nd uoo rpe 

freezing Thmlng pane, pbmc . 

exu/ex or oo* pes'. io* JT£z,*z: :r v iot 

"yrcvi.1. ,„.!,.,. J^ 9 ^ ;^" 1 « nain, 

containers (Halge) containing i.« 1,0 *™«ing 

« - 7 .. c & o. /hr (j^vrrsie ST 1 ind 

xoopropenox was ch^ed after every 5 nee. '^T! " 
transferred to liquid nitrogen f or lo " t" T * 
were thawed by continuous .Lcin, in T^!T "^'l'' PBMC 
t»c lae^crystal was neerly^naCed Cell ^ 
"tinted into serum tree '—"i-fXy 

«• -d exuding, (CelhTchr^h^r " 
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Depletion of Lymphocyte Separations. CD4 lymphocyte 
depletion was performed using antibody-coated flasksT 
MicroC^Lector T-150 flasks for the selection of CD4 + cells 
(Applied iMune sciences, were washed according to the 

rsTTr r, r instructions vith 25 »^B Saff+1BH mA 

(Sigma, by swirling flasks for 30 sec followed by incuba^L 
for 1 hr at room temperature on a flat surface. Bu^ va6 
aspirated and flasks were washed 2 additional times by sh^ina 
the flasks for 30 sec and maintaining coverage of Le bin^ 
10 surface To each washed flask, 25 J ^ 

were add d and ^ „ ^ ^ ^ "J* 

flat surface. Media was left in the flask until it was reaov 
to receive the cells. PBHC were thawed in RPMI/5* hs 
containing 30 „g/ nl DNAse, and washed twice HS L f h 
15 blocks Fc receptors on PBMCS. For one f l«v a 

in? o^n- . xiask a maximum of 12 * 

sadxu* wa. .spirted £ro „ ^ flMlc c ; ia ^ 

suspension was S entl y added to ^ HicroCEXiector " 

PBS cmp «- f™ 6 *' and then fla^ were washed twice with 
PBS CMF to collect the nonadherent cells Ha™*- T 

U8e * Ce He were cultured at 2 v in«/»i . 

nesded. ph. blast. ' - edi *' 9 " d «e 

csneratlsn™ ^ " " ^ 6 ° £ 

only pe^foraea * ^ '."J— »~ sad peptide loading were 

— i-lated asm, tH. ^U^rZT. 
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frozen cells, pbmc were washed twice before using PHA bl» * 
were prepared as previously described and wasb^wic^ore 
using, once cells were prepared, they were washed on! 
cold sterile 0.9* Naci (J . T . Baker) J 1% BSA T *" 

5 ret: :rr ge ^ - ™- - 

in cold sterile citrate-phosphate buffer (0 -i 3 M L-aJ k 

> sterile neutralizing buffer ,1 [0. 15 TsodiuJ phosphite ^ 
-onobasic p H 7.5, i* BSA, 3 n/9l ^icuroglobulin , 
peptide) were added, and the cells were plu^ V ^ 

Wl «l»i=rc,lobuU„, 40 ,g,.l pelT,' .° . " D "*"' 3 
hrs at 20'c TO/" 1 Peptide) and incubated for 4 

20 c - Colls were diluted with cultur. » ... 
approximately s » ., . culture medium to 

aceiy 5 x lo°/ml and irradiated with sooo 
were then centrifuged at 1500 rpm tor 5 miT.t 
te.per.tur. and redded in ZlZ. xeaTu. T 

p.ptid., 5 the r :: : n :.r c c:™::;:--"" «». 

Ks.pond.re were pbmc that were deS oTcnT! '^"^ 
(described above) «.»„„„, ™ plBtea of CM* cells 

culture medium .c'l ^ T 1 ""^ iB 

■^pension was diapered Into Mc h « " 8po " d « 
culture plat. ,Pal oon , Becto „ Dle £ 1 £"" « »» tissue 

Piaced ih the Incubator at 17-c sTT * Pl " M 
Population was ready. Once Lr^' « 
r«uspend«d in culture medium co^ ^L , n " — 
lo'/ul for the PBHC, or at 1 x loVmf , " " L -' " 

-1 of stimulator cell suspeL^ w« .aL "* 1 
PUtes contsinin, the responders. ^tT^tn, . 
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100 „1 culture nedius containing 200 n g/Bl rlL _ 7 WM ^ 
each well (jo n,/well rIL-7 final, . on day 10 after 
induction. 100 „1 of culture nedim. containing 200 D/nl rIL _, 
wae added to each well (20 D/well rIL-2 final). 

Jlntioen Jtostiaulation of CTL. On day 12-n after the 
induction, the prinary CTL were restisulated with peptide 

ZtZtTT ^ i " t0l °' 0 " S ™ C "« thawed and washed a. 
described above. Cells were irradiated .t 6000 rads. Cell, 
-ere Pelleted and reauepended in culture nediu. at , x i 0 . /Bl 
1 .1 of cell suspension wae added to each well of a 24-well 
txssue culture plate. incubated for 2 hre at 37-c 5, L 
Kon-.dber.nt o.U ( were renewed by washing each Zl^T'' 

JZL + T7 ^ 8te *< • -1 culture 

nediun containing 3 s,/.l Microglobulin and 20 „,/.! tot T 

peptide wae added to each well. APC were incubated "orThte 

Wei „' " lth ** P ' Ptide « Microglobulin 

. T 6 " P1 " tad W 1 " l « "ponder cells at 1 5 * 
10V»1 in culture nediun wa. added to each well. «t„ 2 

2l lit. i u " m — - » — rj 



« the culture, wa. L„Hd ' Cyt ° t °* iC « 

whi.* . A'. EffMt; ' Tr frn Tgnnrntlftp : the respond.™ 
which at thi. stage are renaned "effectors. „ poBaer ''' 

were allguoted at 100 sl"eU ^ Z^J^™ T" 
Plate, (Coster), in duplicate. • """on*, cluster 

- Priori t £ S Zt?^f S T ati Sa ' ^"^tely i t - 2 „ 

«V.l in ™v°o "k S \TZ\ — ~* «* 3 * 

a • / AU * *C5 in the presence or absence o#> -» 

Microglobulin and 10 w/ ,i total peptide. If t . r ' W " 
Preincubation, target cell, were centrifuged « " „. t 
reauepended in 20. ,1 (J0O(lci) ^ (S1 £ 
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Cells were incubated at 37*C for I hr with agitation 
Labelled target cells were washed 3 times with RPMI/10* PCS. 

, . °* S ^Jnq-Hp th» n Tn vn Target cell concentration 
was adjusted to l 0 s,ml ln WMI/10% pcs and 100 ^ 9liqfM J t " m 

were added to each well containing responders. K562 cells 

lllH '7^' t0 blOCk »*< and -tivity, were washed and 
resuspended in RPMI/io% FCS at lo'/.!. Aliquots of 20 M l were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. For the determination of the spontaneous "cr 
release, 100 sl/well of RPHi/io* FCS were added to loo ul/well 
oflabelled target cells, and 20 ,1/well of K5 62 . For ZZl 

•ST* T ^ " Trlt ° n X - 10 ° (Sl *»*> in PBS <™< was 
added to the 100 .I/well labelled target cells, and 20 il/well 
K562. Plates were centrifuged for 2 min at 1200 rpm to 
accelerate cell conjugate formation. Assays were incubated 
for 5 hr at 3 7 o C , 5% C0 2 . Assays were harvested by 

^lTlf ing ^ ^ 5 ^ 1200 ^ meeting 100 

w« l ull tHet^' gam0a —"ng technics 

were used to determine percent specific lysis (Micromedic 
automatic gamma counter, 0.5 min per tube) . ^ 

^transformed B-cell line, was grown in RPMI/xo* FCS . K562, 
TcT K5 62 "Tthroblastoma line was grown in RPMI/io 

FCS. K562 was used to reduce background killing by NK and LAK 
cells in the chromium release assays. "* 

Peptides. The peptides used in these studies were R ^ • , 
at cytei and their sequences are described in ZlTT 
Peptides were routinely diluted in 100% dmso at 20 ma/ml' 
aliquoted, and stored at -20-c. *' ' 

WCS Analysis. Approximately io* cells were used for ~ », 

antibody that was to be tested cell* « Ch 

PBS CNU + 0 1% BSA t! . WaShed tWice w ith 

o.i* BSA. To each sample, loo ul p BS an> ± « 
♦ . ntlbody « 2 (BB? ^ *» ♦ ..» B» 

Iwam-CHBS, Marseille, rr,^. (LB , ~7 ' ** 
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Hi Mti-^OUM 1,0 FITC COOjoj.t. (Sig.,) , 

CHF 0.1* »s», end IMUW 20 1, .„ lM . eeUs " ™ PBS 

"" h °f tWio « " ith «* <*F ♦ 0.1* BSA, end reenepended ln „. 
for ,ACS«„ (B .eto„ Dickinson) enely.i.. ^ [ t B „ ln ™ S 
nec.es.ry t. postpone enelysi. to the subse*.ent d.ys the 
~U. wer. fix*, with pbs/« per^orcidehyde £ 
analyjed within one week. ' 

Bindino asseys osi^ rnteet Ceil, end Sedioleoeiied Penti*. 

™ - ith ^-p-cphet. j£ :r 

neutrelinn, buffer /l u dsscribed ebov. jy „„„,.. , 
were left untreated in tissue culture Zll a J"Tl 
both cell populetion, were we.hed ZlT vi t* . 
and losded with -i-rediolebelleo 0, « cxTT„ T" 

c^r:^ot i i i r Mtio "»- --~-rr 

Z^fiT^ CeUS ^ re8us P«n«Jed in 200 M l 

' 2 (de8Cribed ab °-> staining 
1 941.01 (io* cpas) +/ - 100 Mg umabelled 941 01 o.,, 

were incubated for 4 hrs at 2 o-c and washed twice with 8 
free rpmi to remove free Dentin* . . 8erua 

200 „l of serum f ree «r I , US in 
iree RPMI . m a microfuge tube fhn * 

autonetic gMm counter l «i„ £^ """^ <«cro«dic 

Example 1f ; 

a K.Ttmr^.munent.H r rl n if1 ^ ^ _ 

■treatwfnt 



Mild acid solutions of dh 3 imeh -« , . 
Citrete-phosphet. buff™ have bfel J^by V «C" " 
identify Oogenous peptide's to identiLT 9r '"*" 1 *° 
T cell epitope.. Th. treated is un£ue n ST 



) 
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the mild acid solutions of this example do not affect the 
cell's viability or metabolic state. The mild acid treatment 
is rapid since the stripping of endogenous peptides occurs in 
two minutes at 4«C and the APC is ready to perform its 
function after the appropriate peptides are loaded. i„ this 
example ve utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptide-specif ic CD8 + 

CTL« 

HessursMnts by facs toalysl,. PHA-induc«l T-cell blasts were 
acid etripped/peptid. loaded accordii^ to the .ethod. 
deeeribed In acanp!. 15. The r«mltin, ceUa were stained for 
PACS an.iy.is Mlng (BB7>J) and 

cham-specific <,.«.!, „„ n oclonal antibodies, controls for 
tbi. experiment included the esse cell population which was 
not treated at pH 1 (but treated with PBS buffer at pH 7 21 
end with cue treated with citr.te-phoephate buffer (to'eteip 

peptide The results presented in Pi,ur. 15, indicate that 
Z * , ° * Me Call ° " ith ">« citrate-phosphate (pB^ 

ceff. er t 9 "H" Can " y redUCe " (10 -' Old ' <"* activity „f the 
cells toward both anti-HLA cl aes t M tibodies .lone 

(anti-BL.-« and the alpha chain specific,, but not toward, a 

ZTZ\T y specific £or c1ms 11 "» 

<anti-HL»-D*,. Most inporfmtly, neutralization of the 
acid-tripped cells in the presence of Wcroglobulin and 
Peptide resulted in preservation of a siUicanc a^ * 
class 1 «HC antibody-reective sites, with only . 2 . 5 ^ 
IZIT n / 1UOt " CS " M ^ity. leportant lv . the 
acid-treated cells refined viable, „ seasufed by trypan bin. 
Elusion and forward/lateral PACS scatter snalysL^if. 
"suits war. obtained usin, EBV-transfomed B cell UnL 

iZVL PBMC Md other 

either HIA-A2.1 or hla-ai, (data not shown, . 

Binding V Jtediolaieled Peptides to Bnpty W>c *oi e ™, M _ 
deternine the efficiency of peptide lo.dL, J^Z l^ 



WO 94/03205 

PC17US93/07421 

80 

«*.peratur« incubation or ecid .tripping/peptide loading 
protocol „ «„, (on HLA-A2 . 1 ra v-tr„sfor«d . c.u 

»"^t«. ot «- C overnight or .cid-etrippoc to r^L 
the endogenoue HHc-...oci.t«i peptide. .„d tn e l^in, J 

^TT.Zf"* detralned ' " 5 X-rooiol^ llrt 

HL»-«.! binding peptide, lb. op^iflcity o£ tbi. reaction 

binding unto, . „,„ peptide of ^ sequence ' ^ 

preaentod in Tabl. s4 b denon.tr.te that aoid-tr^tJoTof tb. 
C.U. increased . ignif icantly (approximately 10-fold) H 
"° Unt ° f ^"ed Peptide binding to tbe JY cello 
Furthermore, tbe binding „f ut*lU* peptide „aa completely 
blocked by tbe eddition of the cold peptide. deoonrtrat^ 
.pacific binding (data not ahoun) . enon.tr.tin, 

in Vitro induction or Rrinary Jlntioen-speci/ic era D .i„„ * <- 

ror tTfrr ^ critic! ^. ^ 

tor th. induction of prinary CTL u.i»g both the cold 

TZTT inett,,rtl °" — "trip protocol are: „ 

Z dtot « T " CellS ln cell potion 

(or depletion of CD,* T-c.ll.,. 2) Mitlm „ f ^ 

CTL induction culture. f roll „,„ . ... ,. * 

culture, vltb antigen on Tu2 a Zl °" °' 

cell, puleed with pep t id.. ^ "p7..^T« 

rr ~ — « "^«=r=L-2 ^ 



xn order to identifv rrr 
by sac-! activated PBKc. a. ^ * la . ^ S """ 1 " ei 

Of the in Which cl.ee" p^J"" TT*™ ^""i 0 " 

— - -uiaed in .ddftLrnr^rc is 

generate pbmc APc. shipping to 
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complete culture Medium. The tissue culture medium used in 
this study consisted of Rpmi 1640 with Hepes and L-glutamine 
(Gibco) supplemented with 2 mM L-glutamine (Irvine 

; '^^f^ 0 '*" S ° dium pyruvate (Glbco >' 100 W100 ug,ml 

penicillin/strepto»ycin (Irvine, , and 5% heat-inactivated 
Hunan Serum Type AB (RPMI/5* HS; Gemini Bioproducts, . culture 
-dia used in the growth of EBV-transf ormed lines contained 
10% heat-inactivated fetal calf serum (RPMl/io% fcs t^I . 
instead of human serum. S ' IrVlne) 

Cytokines. Recombinant human InterleuJcin-2 (riL-2) and 
Xnterieu.in-4 (rXW) were obtained fro. sanL an uld at a 
final concentration of 10 u/ml and lo ng/ml, respectively 
Human interferon-, (IFN-„ and recombinant human Inter^in n 
(rlL-7, were obtained from Cenzyme and used at 
ng/ml, respectively. /ttl and 10 

peptides. Peptides were synthesized at cytel and are 
described in Table 24 « PonMJ 

& -Lines expressing HLA A. a > 

*U« 4,1(1 A 24/ respectively. Thev «rp . **' x ' 3 ' 

= - » -eell aensltJe. ^I^^r »■ 

-rrr a f u rr:rr ^ - 

•ntigen, M l ,„ " "Pressing the HAs E 

9 n, eel 888, were also gram in RPMI/10% FCS. 

spun in 5 0cc ^ «d 

"inures. The ' ' tor " 

ine plasma layer was then renoved , 

«*» « Pipette using alr^" "\ ?' ^ 
Ihe butty cast was nixed Be il .„d dUu L J"" 1 " Botlon - 

of KPW. The hufty coat ,30 .1, u „ ^ ?** " «*- 

v •«! was then layered on 20 nl of 
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Ficoll-Pague (Pharmacia, and centrifuged at 1850 RPM (400xg) 
for 20 minutes, 25-c, with the bralce off. The Interfax 
between the Ficoll and the plasma containing the p^ Ce Wa6 

5 tuITl WlUl a ^ PiP6t <«"> ^terraces peTso " 
5 tube, and washed three times with 50 ml of rpmi Loo 1L 
and 1300 rpm for 10 minutes) Ce ii„ C °°' 1500 ' 

- of cuitur. n^un^t d , r^LTTT " ln 

concentration. 3 to the "PPropriate 

Sign, ware in.erted into . Halgene Cry, LC feezing 

fro* 4 his (nimnun) to overnight (uxUu) . Th(! ,„,„ ° f 
was changed every five *)„». ». u ' ™ e isopropanol 

15 lionla n.» M,eS Kere ^"nsferred to 

.liquid nitrogen for Ion, tern atorage. To thaw PB^Jl 
continnon.1, shaken in a „. C vater bath Et 

Clin were ^iT^ZST^" ~ " 
- to prevent cl mping „ dead^^aehed ZZ. 

nl Of cells per well war. -i 7~. 7 " 
(P«Xcon. Becton ulcxln.^ \ *" ' "- Bel1 

ti-es followed h, addi^Tof^""" «— 

uaed after culturing for an ad^ , ** CeU " 

9 for an additional 2 days in KPm/iot Hs. 



x 1. Cold temperature incubation: 

a. Expression of empty MHC i„ ^ Cst The ^ 
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were adjusted to a concentration of 2 x 10«/»1 in complete 
culture medium containing 10.„g /ttl rIL-4, 20 V/ml human 
and 3 /^-microglobulin (* 2 »; scripps Lab,. The cells 

were then incubated overnight at 26 o C in ^ pre8cnce of 
C0 2 . it should be noted that these cells only express a 
fraction of Class 1 molecules in the empty state (- 10 %, . 

b. Peptide loading of APC stimulator cells- 
Empty Class 1 expressing APCs were washed 1-2 ti.es with 
serum free RPHI (+ L-glutamine and Hopes, and resuspended at 1 
X 10 in serum-free RPMI containing so M/Bl total of the 
Peptide pool (i.e., 16.7 M g/»1 of each peptide in a pool of 
three; 25 „ g/ ml of each peptide in a pool of two; 50 „g,J of 
individual peptide,, 30 .g/ml DNAse, and 3 W/al ^ " 
Following a 4 hour incubation at 20-c, the cells were 
irradiated at 6100 rads (5 x lo«, ml; 25 ttilllon cells/tube) 
washed and adjusted to the appropriate concentration for 
addition to the induction culture (see below, . 

2. Acid stripping: This was used as an 

Z tiV r eth0d 9Cneratin * «HC on the surface of 

the APCs. The SAC-i activated PBMCs were washed „ T 

iier 10-13M L-ascorbic acid rj # T BaVon « 

end incubated on ice. After 2 mL 
coXd 0. 15M .od ilm phoephate none^lr^^ ^ " 
oonteinin, „ BSA , 3 M/Ml ^ ' P "'- 5 ' 

.t 1500 »« for 5 ninutes at 4-c. The oeM ! ""^"^ 
i« 1 1 of cold PBS confining « *— 

P^oroglobuHn, end 50 pe«il ,„ "■— • 3 «/» 

»d incited for 4 h our s It L'^bove ^ ^ "> 

r ted t. ^Lttit^r 

induction culture (see below, . Edition to the 



WO 94/03205 

PCT/US93/0742I 

84 

population ^dfiBija^an rf ivmp^l ll ZT " ,, rr r< n 

for the depletion of CD4 + T cells TZlo P^ 
5 Priced b y adding 25 Bl of pb S/1 ~" 
seconds so that .11 surfaces were no^eneTan7th " 
incubating with the binding surface do™ at ' rT 
tor 1 hour. Gloving this incubat lo : T^ZZ^^T* 
vigorously for 30 seconds, washed i tiL JTT 
10 additional tiaes with PBS and *h! V PBS/EDTA, 2 

wxtn pbs and then incubated with 95-1 ^ 
culture wdiu. for 15 Bl „ut„. PBMCs were ^ " "» ° f 

Mita ccteini^ „ „ g/Bl DMioe . * "J 5 " « cultur. 

t«per.tur.. th. flu*. w. r „ rocked "^ ^ " "« 
".uspand the nonedherent cell. ThI - .f MCOndS 40 

-u.pen.iou confining th. CD8+ T ™' " 0 ~ dhe "" =.11 

PBHC were centrUt ,,. d and ^J^c^^r V" daPl * ted 
induction culture. The c»4 + M cm" J!^ *"* 
depleted call popul.tio„ «. d. t ^L e f h °' C04+ 

^»». in 9 en«.i, tm. tecunC™ u i™ T* 1 " <"* 
•nricheMt for CD8 + T cells with .„ reMlt,d ln » fo-fold 
40-5.* coa* T cell. >ntl 15-Mw ' , ° f ' Wrad «^y 

miction C^?.^^? * 
cell, con .1.. ^ acC o.pl loh . d oy Ll^ " "** * 

"tibody coetod M9n . tt c hj. ^L."^ "« C °-" l ««* - 
» cU. .erveo th. purpeu. ot JTjT " DepUti ™ «* <W 
«U. Which would co^L. JLTJT * ™* "X" «-»H». 
inte«er. with OTp ^7 " n0trlent ' ' 

« the reeponder populetion wereT dePlete " PBMC <=° be u.ed 
'or selection of col T cZlTZTT™* ««««>». « 

ceiu ( ^ov.,. ^ respo x a ctr ,rp d :r: tlon ° f co4+ * 
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peptide loaded stimulator iprc u « 

peptide loaded Mi^.SLT^^T™*- ***•«•»••. 
y * . . were wa shed 1 time in serum-free rpmt /u. 

L-glutamine and Hepes) , adjusted to Ixl0«/ml7! , M " X (+ 
medium, and plated into a 24 well »la"t! i ) 
S PBMC, i * ao < stimulator ceils (1 ml vol! , 

^ wells containing the ^^1^0/^ f ^ 
PBMC and pha blasts, 1 ml 0/3 x loVmi 'J , f ^ 
Plated in each well A fi!!, 7 stimulator cells were 

-itional P^^J^^S^Z To "/^ « 
3 concentration of rlL-7 r 2 »i 7* , g/Bl £inal 

million eell. /tube in 5 J™ ^"1"! f» 
•«». the PBMC. .ere reeest^! J*™"**- " 6100R. M ter 1 

Per veil of e 24-w.u , U L 1! ™«c. «. added 

— . « 37-0. washed t L ^rJT *» * 

Altered in Mdim , contaLinoT Ve , n ° n - dhe "'» 
W-l P,*ioro 9 loh„lin .JeTin . o s .T , t0t41 PePt " e « 3 
Mutated for a hour. at „. c To J° " d ""^ 

— in . 1 i ww «"" nr CUltUr " " ai «- "«« 
contain!*, 20 0/111 rlL _ 2 „„ ^ ys ' 1 Bl « «atur. eedin, 

Vinson,. „d inched .ntl 7*T 
"■en vanned 2 ^ with pB » ™ «e» 
reeusp^ed i„ PBS to analyze '* p!~ eodima . Jld e end 

«*> it v.. not poselhle to" T (BeCkt °" «*!—.». 



15 



20 



5 



86 

cells were fixed with PBS containi«« i* ~ 

meusr, «d Malyl . d 

Cytotoxicity Assay 

• ** cftii preparation . Approximately is ™ ». 

Prxor to the CTL assay, target cells (C^t "" * 
EBV-transfonned lines, were washed on 1 * 
10 -1 vow at 3 x 10V»1 in ^5^1 Z ' ^ * 

absence of io M g/*1 total peptide. PrC8enCe ° r 

centrifuged and resuspended in 200 WtLls^ S1 
chroaate (NEK,, then incubated at 37-c f^ xT * 
Targets were washed 3 ti.es CIO nl/wash, ^ ^ 
resuspended in 10 ml (to deter- *»a/10% FCS and 

-belling, 50 ,1/targeTwaTc^t Ztl7 I' 
autoaatic gaaaa counter, . Microaedxc 

<=• CCL^flSsaz. Target cells were adiust^d , 
«- 50 „i of the cell culture was added 1 X " ^ 

-bottced 96 -wen P i ate (cost^ ZTu"? " " 
concentration of l x loVu.ll f"" 1 
ra.u.p^. d „ t , x J°'" ml ± " eeU " — one., 

was Responder ^ ^1"" * 

resuspended at 9 x lo«/nl ,^ .u ° ° nce ' 

— p^ for ; tt zi™ ZlTZT" 1 dUuti ° M 

»«*. «* 1,1. R Mponder c . u „ ™*« ° f 30:1, 

«1 in dupXicate ueiXs. Por " ±a « v<,lu »« of loo 

-a. added. Po ; J^^' ^ "° "Vwel! of 

added. PlatM ue „ cj^ed I^" 0 «■ 

-ollouin, a 5 hour incubation .t . " 1^0,, ""• 

again for s ninutes ,t l,oo rpm and ion ^* centr ""ood 
supernatant was connoted.' " 1A " 11 of 

(Woronadic automatic g auna coltr TTT"**" 
-ad to determine the peroent ^ZJ^^ — 
f omula: « specif ic ly eis , * ie """"rding to the . 

'•iMM/cpa naximuu releaa. ** periMnt « 1 - =P» spontaneous 

cps spontaneous release x loo. 
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15 



20 



25 



30 



A cytotoxicity assay (CTL assay, was considered positive if 

.Ttne y to V? V tar9Ct6 8ehSiti2ed Vith 8 ^Ceptide 
the two hxghest effector to target (E:T, ratios was Li 

greater than lysis of control targets (i. e tJaLTi, 
without peptide,. A cytotoxicity'^ (CTL ^ IT 
cons dered borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two hiln . 

targets (i.e., target cells without peptide, 

10 ali^' ° f tte Prides that bind to the indicated 
alleles, 9 of the 49 MAGE peptides, 10 of the 45 HIV oetin 
3 of the 25 HCV peptides, and 2 of the 20 HBV pept^IeH T> 
to date induced prinary CTL in vitr» » pe P tides tested 

illustrating ™ vitro. ^P^entative graphs 

illustrating CTL responses to various immunogenic r>*r>+Z 
shown for MAGE (Figure 22,, HIV (Figure 23 , ^ Z7 
and HBV fFioiu-e 21 m . „ . ' HCV (Figure 24,, 

Table =4 ZZ\1L 21 Z ^ — n 

the .pprcpril »c .^T" 09 ™ 10 PePtl<ieB VhiCk to 
w^uprxare MHC and induce primary ctt 

indicated is the peptide's eeguLri^L £ 
m» ellele to which it b in „ ^™" Ce ' corresponding antigen and 

illustrate lysit M L^T' T" ° h0,m ln » 
targets relief .UuSSonT^ X T 
loaded vith e MAGE 3 peptide T t .T* ^ZT^ 
end incubetion technique, yigure 2l JJ^ ~" Aerator, 
acid strip loading technic Znei aw^ theT:id 1SOn " 
teeperature incubation technique (pane! bn 

Although the present invention ha. h... ., 
detaii by way 8f Ulustration and J" ^ ^ in 
clarity and understand^, it wlll '" Purpose. oi 

Changes an. nodificatlcns say he practiced ^iT'"^ 1 " 
the appended claims. w "hxn the scope of 
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TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 




15 -A daah indicacea an Ic „^ 

an IC 50 greater than 20.000 nM 



20 



25 



TABLE 1« 

VALIDATION OF CYTEL'S HLA MOTIFS 







Binding Capaci 


SEQUENCE 


H0TIF 


Al 


AADKAAAAAY 


Al 


45 


ATAKAAAAAY 


Al 


58 


ATDKAAAAAY 


Al 


4.0 


AUlJCAAAAAV 


A2.1 


MO 


AMAAAAAAAK 


A3. 2 


NO 


ATAAAAAAAX 


All 





c v «ic so nM | 

A2.1 



1400 



A3. 2 

1100 
10000 

85 



All 

1030 
4533 

24.0 
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TABLE 15 
HLA-A3.2 
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TABLE 16 
HIA-AX1 



1 PEPTIDE 


SEQUENCE | AVERAGE RATIO TO 


1 952.25 


ALAAAAAAK J x 


( 952.26 


AMAAAAAAX 1 2 .5 


J 952.27 


AAAAAAAAX 1 1#a 


1 952.24 


AIAAAAAAX 0>72 


I 961.06 


ATAAAAAAX 0>s ~ 


I 981.04 


ASAAAAAAK 1 ^ p 46 


1 981.09 1 


AGAAAAAAK | ~ ^ 


1 9S2.23 J 


AVAAAAAAJC 


| 0^3 


J 981.11 




ANAAAAAAK 


1 0.23 


1 981.13 




AGAAAAAAK 


| 0.019 


1 981.08 




APAAAAAAK 


J 0.020 


981.12 


j ADAAAAAAK 


_^ 0.012 


981.05 




AXAAAAAAK 


0.0065 


981.07 


J AYAAAAAAK 


<0.0065 


981.10 


j APAAAAAAK 


<0.0051 


952.35 


JALAAAAAAK 


0.015 


981.33 


I ALAAAAAAA 


<0.0059 


981,34 


I ALAAAAAAN 


<0.0071 


981.35 


ALAAAAAAQ 


<0.0051 


981.36 


ALAAAAAAY 


<0.0071 


981.37 J 


ALAAAAAAS 


_ <0.0051 


981^38 J 


ALAAAAAAT 


<o.oosi 


981.39 j 


ALAAAAAAE 


<0.0071 



SUBSTITUTION 



Position 2 



Position 9 
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TABLE 17 
HLA-A24 



5 



10 



15 





SEQUENCE 


AVERAGE RATIO TO 963.01 


| SUBSTITUTION 


983.01 


AIAA/VWWlr 


1 


- 


963.08 


AFAXAAAAF 


0.24 


position 2 


983.09 


APAJCAAAAF 


0.0058 




983.10 


AAAKAAAAF 


0.0023 




983. XI 


AKAKAAAAF 


<0.0012 




983.05 


AYAJCAAAAX 


0.20 


position 9 


983.04 


AYAKAAAAL 


0.11 




983.06 


AYAKAAAAV 


0.0023 




983.02 


AYAKAAAAA 


<0.0012 




983.03 


AYAKAAAAY 


<0.0012 




983.07 


AYAKAAAAK 


<0.0012 
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TABLE 18 



HLA-A1 
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TABLE 19 



HLA-A1 
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20 



Orgin 

E6 

B6 

B7 

E7 

E7 

E6 
E7 
E6 
EG 



TABLE 20(A) 

HPVI6 E6 AND E7 PEPTIDES BINDING TO HLA-AI 



First aa 
Position 

80 
69 
44 

37 

19 
144 
73 
139 
€1 



Sequence' 

XSEYRHYAY 

VADJCALKFY 

0AEPDRAHY 

EIOGPAGQA 

TTDLYAYEO 

MSAARSSRT 

HVDlRTtEO 

WTGKAMSAA 

TOOGWPYAV. 



Binding Ratio 
to Standard: 

3.500 
0.240 
0.029 
0.025 
0.023 
0.019 
0.014 
0.010 
0.008 



Motif 
Prediction 



y>«ld«d r«cio v,l„., o, ,„ „, ••••01. Ml other p«pcid«. 
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TABLE 20 (8) 

HPV16 E6 and E7 Pepti des Binding to HLA-A 3? 
_ Plrsc aa ■ 

Po,1 "°" »--»• tjftaj aHp Pr «« 

E6 107 LIRAINAQK 

XVTRDGNpy 



« 59 

Bh 33 IILEAVYAK 

125 HLDJOCORFH 
AMSAARSSR 

7 AMFODPOER 

93 TTLEOQYNK 

37 AVYAXQOLL 



E6 
EC 

Efi 

E6 

E€ 

E7 



/ 



E6 
E7 



3.7000 
3.0000 

IVAPIASQK 2-2000 



1.5006 

0.4400 

0.1800 

0.1000 

0.0780 

0.0320 



E6 " HYNIVTFAA 

U5 SAARSSRTR 0 . 020() 
** 75 



BS ' KrrSKISEY 0.0100 

E7 89 SWCTTLBO 0 . 0080 

K " WXVT ~« O.00C7 

<2 OOU.WEVV 0>OOM 
" 68 



AVADKALKF 0.0056 



97 



QQYNKPLAD 0 . 0045 
KZSEYRHYA 0 . 00<4 

mAySLYC 0.0036 



" ^ KIS "^ 0.0044 

84 RHYAYSLYG 



E6 VADKXLKFV 0>0fl25 

CO • - r 



146 



E7 ^RSSR TO K 00M<) 

38 VYAKQOLLR 0.0012 



67 
60 



YAVADKALK 0 .00X2 
JCADSTLRLA 0.0012 



ccion 



Bold A's indicate ' — ' — " OOP*? 

welded racxo y vai^ s n9 o r^ 0 0 v a i ue oC m0M *> Jg ^^che caWe 
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15 



20 



25 



30 




E7 
E6 
B6 

es 

E6 
E6 
E6 
E7 
E6 

£6 

E6 

£6 

E7 

E6 
E6 
E6 
E6 
E7 
E7 



89 

7 

59 
60 
37 
145 
107 
58 
42 

143 

79 

€7 

52 

68 

69 

36 
140 
90 
51 



I I LEA V YAK 
TTLEQQYNK 
IVAPIASQK 
AMFQOPOER 
IVYRDCNPY 
ISEYRHYAY 
AVYAKQQLL 
SAARSSRTR 
LIRAINAQK 
AAJCAOSTLR 
OQIXRREVY 

AMSAAR55R 
KISEYRHYA 
YAVAOXALK 
YNIVTFAAX 
AVAOKALKF 
VAOKALKFY 
VYAKOOLLR 
TGRAMSAAft 
VAPIASOKP 
HYWIVTFAA 



6.7000 
1.6000 
1.3000 
0.8400 
0.4700 
0.4300 
0.0450 
0.0330 
0.0120 
0.0110 
0.0084 

0.0084 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 



♦/- 

- (♦)* 
♦ 

«•/- 



♦/- 



a _. , . ".VU1 B 

experiments considered lJ ehis t^h?f" Bd ' rd . iB che «>«™e of the 
Brackets indicate score according co adjusted motif. 
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Bold indic-ce residues in which cysteine v« r \ = 



^crxmencs considered in thi« VZki " a 
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Table 25 a 

Peptides Synthesized 
by cytel For Loading 
5 Onto Acid Stripped 

Autologous PBMCs and 
PHA Blasts 

Peptide ID # Antigen Sequence 

777 . 03 HBS 
10 924.07 HBC 



927.32 



FLLTRILTI 
FLPSOFFPSV 



938 -01 MAGE 1 

939.03 PSA 

941.01 hbc 
15 1044.04 

1044.05 psa 

1044.06 psa 



HBp GLYSSTVPV 

EADPTGHSY 



VLVHPQWVL 

FLPSDYFPSV 

1LLWDPIPV 

KLQCVDLVHI 

MLLRLSEPAEL 



20 Table 25 b 

Cell Population 



JY acid stripped 
25 JY acid stripped 
JY control 
JY control 



" 5 I-Labeled 

Peptide +/- Cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 



CPMS 

+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 



n « 



n « 
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WHAT TS CTATMRn 



1. A composition comprising an immunogenic peptide 
having a HLA-A3.2 binding motif , which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the M-terminus to the C- terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, c, 6, D and E; 

and a second conserved residue of K, R, y, H and P- 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim 1, wherein the first 
conserved residue is at the second position from the 

N- terminus • 

3. A composition comprising an immunogenic peptide 
havxng a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the foiling 
residues, from the N-terminus to the C-terminus: ' 

a first conserved residue of t, s and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 

n -terminus. 

5. a composition comprising an immunogenic peptide 
havxng a HIA-A1 binding motif, which immunogenic Tpeptid^ hi 
between about 9 and about lo residues and the f ollowino 
residues, from the N-terminus to the Cterminus! 

x a first conserved residue of T, s and M; and 
a second conserved residue of Y; 
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wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

6. The composition of claim 5, wherein the first 
conserved residue is at the second position from the 
N-terminus and the second conserved residue is at the ninth or 
tenth position fron the N-terminus. 

7. a composition comprising an immunogenic peptide 
having an HLA-A1 binding motif, which immunogenic peptide has 
between 9 and about 10 residues and the following residues 
from the N-terminus to the C-terminus. ' 

a first conserved residue of D, E, A, S and T; and 

a second conserved residue of Y; 

sen*™* „? erCin ^ * 6eC ° nd cons «™* residues are 
separated by 5 to 6 residues. 

8. The composition of claim 5, wherein the first 
conserved residue is at the third position from the N-tlinus 
and the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

9. a composition comprising an immunogenic peptide 
having a HLA-A11 binding motif, which peptide has betweT 
about 9 and about 10 residues and the following «.„i* 

the Nterminus to the C-ter»inus: * r ° 8ldUe8 ' fr °» 

a first conserved residue of l m ? t v > « 
H, Qr C F, D, E; and ' ' *' V ' «' T ' G ' 

a second conserved residue of K, R, h- 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. . residues are 

10. The composition of claim 9 wh»nH n *w 
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has between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of Y, f, W; and 
a second conserved residue of F, j, j, t w# M . 
5 wherein the first and second conserved residues ere 

separated by 6 to 7 residues. 

12. The composition of claim n, wherein the f irBt 
conserved residue is at the second position from the 
5 N- terminus. 



13. a composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or 10 residues: 

a first conserved residue at the second position 
selected from the group consisting of A/ I, L, M f T, and V 
and a second conserved residue at the c terminal postion ' 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. * 

14. A composition comprising an immunoaenie n^f^ 
hevin, » hla-au bill di„, „ otl£ , which i^unoZT^r,, * 
» or 10 reeidues M ^ £ollo „ ing _ f 5 r „ = ^ Ptit " h " 

••-terminus to the cterainus: 

a first conserved residue at the second Dosltlo. ». 
the » terminus seiected fro. the group consist!^ A T L 
M r T and V; and ' *' L ' 

separatsdr^trres^ 

15. A pharmaceutical coeposition comprisinc . 
Pnare.ceutic.lly acceptable c«rier a™, .„ immTeW " tl , 
Ravine HLA-A3.3 bindin, motif, »hich Immunol -p^T. 

5 «*> «bout 1. residues „4 the folL^L 
residues, fro. the H-terminus to the c-terminus" 
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a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, C, G, D and E; and 

a second conserved residue of K, R and Y; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

16. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the H-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 
Pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which peptide has between Lout 
9 and about 10 residues and the following residues, from the 

terminus to the C-terminus: 

a first conserved residue of D, E, s, T; and 
x a second conserved residue of Y; 
wherein the first and second conserved residues are 
separated by 5 to 6 residues. 
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19. A pharmaceutical composition comprising a 
Pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-A24.1 binding motif, which peptide has 
a first conserved residue of Y, f, W; and 
5 a second conserved residue of F, I, l, w, or m; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

lft 20 ' A " ethod of identifying an immunogenic peptide 

10 comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif; 

the bindC«otif7 ' ^ .~» ^ 

preparing a test peptide of about 8 and about n 
residues comprising the selected subsequences; 

to «■ dCt i erBlnin ' of the test peptide to bind 

to the preselected MHC allele and induce a CTL response 
thereby identifying immunogenic peptides 



15 



20 
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HLA-A PURIFICATION AND 
PEPTIDE ELUTION 



C « u J? r ^? urce: HLA-Antlgens 
(S-10X10* call equivalents) 



I 



Detergent Lyalt 
(10T calls/ml) 

i 

Detargent Lysate 

i 

Affinity Chromatography 

i 

Purified HLA-A Antigen 

i 

Acid Treatment 

i 

Peptides 
Sequence/Motif 



a) EBV transformed e call 

t.g. -221-HU-Al 
«) P815 tranafectanta 
(mouse mastocytoma) 

Cemrlfugatlon at is,00Oxg, 



Anticipated yields 450-800 



M0 



10% acetic acid, 5 mln, lOO'C 



YM3 filtration, 3RD cut-off 



D. Hunt - HPLC^utms 
• HPLC/ABI 477A 



Figure 1 
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figure 2 
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Tllrt of 941.12 vi A12 
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Figure 6 
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Titer 0 f 940.06 




»M Inhibitor 



F *gure 7 
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Figure 8 
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Figure 9 
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UM peptide 



Figure 10 
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A24 titration. 




|iM MHC 



Figure 12 
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A24 Inhibition. 
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UM peptide 



Figure 13 
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Figure 15 
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Figure 16 . 
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"Figure 18 
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% Specific Cytotoxicity 
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figure 20 



Cytotoxic Activity of an HLA-A1 -Restricted CTL Line 
Specific for a MAGE3 Peptide (1 044.07) 
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Induction Using Different Methods 
to Load Peptides onto SAC-I Cells. 
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figure 22 

Peptide Screening: 
MAGE/A1 1 
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Peptide Screening: 
HIV/A3 
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Figure 24 
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Figure 25 



Peptide Screening: 
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